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PCS-1900 example shown. Other standards available. 


Grayson’s new Surveyor wireless measurement tool 
performs real-time, mobile verification tests. 


Delivering on our promises to provide verification capabilities for our original wireless measurement 
tool, Grayson introduces our exclusive new Surveyor measurement software. 

Surveyor works with our original measurement mainframe to put your network to a thorough, 
real-time road test of all its critical parameters. Using analog or digital test mobiles, you can display 
and log Layer 3 messages and monitor events such as handoffs and dropped calls where they happen 
— at the instant they occur. Continuously evaluate system network capacity and system performance 
characteristics, such as signal strength, signal quality, call set-up rates, and set-up times. 

And once you've taken your network for that test drive, you 
can replay your data within Surveyor, or export if to any post- 


processing package. 7 1 
. GRAYSON 
Surveyor: it’s the most TITCTRONICS 


flexible, powerful, and 

innovative solution to the AM | ERY 306 Enterprise Drive 

challenges of system Gao! Forest, VA 24551 

verification. It’s the road 800-800-7465 

test you can bring home. Gis) 804-385-765] 
BEERS FAX 804-385-7692 


www.grayson.com 


You can now put Grayson’s hardware 


and software modularity to work 


in both network design and verification. For a measure of confidence. 
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The Vega Model C-6024 offers 
unparalleled ease of use with its 
touch-screen and independent 
switches for line selection and 
instant PTT. It is a unique 
microprocessor based multi-line, 
multi-format, desktop radio control 
console with a capacity to handle up 
to 24 lines!. Any line may be 
configured for either a dedicated two 
to four wire radio circuit. 

The touch-screen display provides 
feature selection with a simple touch 
of a finger. The flexible system 
offers TLM (sequential tone line 
modules) to allow the operator a site 
for transmission and DLM (dial-up 
access modules) which allow the 
operator to select a dial-up site for 
transmission. PLM (telephone line 
modules) answer or initiate a call on 
the PSTN. 

Other system features include: 

“* Easy expansion by adding the 
appropriate number of switch 
panels (each panel 
accommodates up to six line 
cards) 

® Line activity indicators flash 
upon detecting audio 

® TX ALL (simulcast) selection 
activates all tone lines and 
connected dial-up lines that are 
on hold 

* RX ALL upon selection will 
monitor all unselected tone 
lines 

* Group Select selection of 
TX/RX line combinations 

Frequency Selection Standard 
with Fl-F4, expandable to F10 

Contact us today to get all the details 
on how this flexible radio/telephone 
console can work for you. 
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10 Selecting antennas for 


PCS and DCS systems 


Andrew Singer 
Selecting antennas for a PCS 
or DCS system may be the 
most important decision an RF 
engineer makes. 


Testing the importance 


of digital technologies 
Doug Mach, M.S.E.E. 
Different digital standards re- 
sult in different test methods 
Field test equipment that gen- 
erates and receives digital sig- 
nals can improve radio systems 
maintenance. 


Switching vs. linear 


power supplies 

Paul Watkin 

Have you heard the latest about 
switching power supplies? The 
newest designs offer persuasive 
advantages over linear power 
supply technology. 


Battery technology for 


portable applications 

Danny Amato and Al Crisafulli 
Battery design considerations 
are driven by the requirements 
of equipment manufacturers 
whose devices are powered by 
the portable power supply. 


An overview of 
spectrum auctions: 
The Devil’s due 


Robert H. Schwaninger Jr. 
Selective application of auction 
authority raises serious ques- 
tions about the motivations for 
ils use, 
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Advertisers in this issue describe 
their products and services. 
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Technically speaking 
Harold Kinley, C.E.T. 

Site noise vs. system noise 
figure. 


52 Regulating technology 
Robert H. Schwaninger Jr. 
Taking responsibility for harm- 
ful interference. 
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Motorola aids in North Dakota 
flood recovery effort. 


61 New products 


Communications Specialists 
and Havis Shields are the 
“Readers’ Choice.” 
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Refarming. 
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88 Ad index/hot line 


Find advertisers quickly. 


On the cover: A world of options are available 
for DCS antenna beamwidths. But what is the 
right choice? Story begins on page 10, Photo 
courtesy of Celwave. 
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When the signal 
must get through 


Remember it’s 


Arctic cold. Jungle heat. Ocean brine. 


Regardless of environment, RF communication is 
always clear with a Celwave antenna. 


No one incorporates more performance-boosting 
design innovations. No one builds ‘em tougher. 


And no one dedicates more time and effort to 
quality control, Control so stringent that our base 
Station antennas are guaranteed to be defect-free 
for a full five years or we repair or replace. 
No charge. No strings. 


not just an antenna, it’s a Celwave 


The Celwave line includes the world renowned 
Stationmaster’ base station antennas, the workhorses 
of an industry. 


And it includes recent breakthroughs, like the 
remarkable Maximizer’ log periodic antennas for 


cellular, PCS and ESMR applications, with the . 
highest front-to-back ratio in the industry and - 


dramatic reductions in co-channel interference. 


.. the dynamic Penetrator’ antennas, contributing 
high gain. heavy null fill, blanket coverage and 
reduced interference to UHF wideband, mobile, 


CELWAVE 


DIVISION OF RADIO FREQUENCY SYSTEMS INC 


cellular and paging systems... and the Celwave 
Smart’ System, an analog cell site antenna subsys- 
tem that reduces interference, increases capacity, 
improves coverage and optimizes handoffs. 


Fact is, Celwave designs and manufactures a vast 
array of antennas for every application. Antennas 
built with care and delivered with pride. Because, no 
matter how hostile the environment, we know they'll 
perform extraordinarily well. For a long, long time. 


Celwave antennas. Tough equipment you can count 
on, anyplace! Free catalog on request. 


2 Ryan Road, Marlboro, NJ 07746-1899 » Phone: 1-800-CELWAVE « Outside U.S.: (602) 252-8058 « Fax (602) 417-2124 
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ditorial 


President Clinton’s second term brings turnover at FCC 


On May 27, FCC Chairman Reed Hundt 
announced that he had sent a letter of res- 
ignation to President Clinton. Hundt in- 
tends to leave the commission when his 
successor is confirmed by the Senate. 

Hundt’s letter said he wanted to spend 
more time with his wife and children. 
Accepting that reason at face value, and 
then looking beyond it, one could say that 
Hundt has achieved most of his objec- 
tives—or the White House’s—and the re- 
mainder of his term through June 30, 1998, 
might have seen diminishing returns and 
increasing controversy. 

For example, probably the lion’s share of 
proceeds from wireless communications 
spectrum auctions already has been garnered. 
The decision was made not te auction high- 
definition TV channels, worth an estimated 
$70 billion. Many of the regulatory changes 
stemming from telecommunications reform 
legislation have been enacted. 

The Clinton administration focused on 
using the FCC to collect billions of dollars 
to offset part of the federal budget deficit. 
As a result. the Hundt commission was 
mostly unresponsive to spectrum require- 
ments for land mobile radio, including 
small SMR system operators and the busi- 
ness. industrial and public safety users of 
private radio. 

Together with Hundt’s departure, new 
appointees will fill four of the five com- 
mission seats. 

Democrat James Quello’s term expired 
June 30, 1996, and he remains in office 
until a successor has been confirmed, 
William Kennard, the FCC general coun- 
sel, was nominated on May 24 for the four 
years remaining in the five-year term, 

Republican Rachelle Chong’s term ex- 
pired June 30, 1997, and she is likely to 
remain in office until a successor is con- 
firmed. Michael Powell, chief of staff of 
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the Justice Department antitrust division, 
may get the nod for a five-year term. 

To fill out the remainder of Hundt's 
term, and perhaps a five-year term to fol- 
low that. White House economic adviser 
and former FCC Common Carrier Bureau 
chief Kathleen Wallman has been men- 
tioned. So has Ralph Everett, a partner in 
the Washington law firm of Paul, Hastings, 
Janofsky & Walter and a former chief 
counsel and staff director for the Senate 
Commerce Committee under Sen. Ernest 
Hollings (D-SC). 

Democrat Susan Ness will provide con- 
tinuity as she continues In a term expiring 
June 30, 1999, 

A Republican seat previously occupied 
by Andrew Barrett has been vacant since 
he left in 1996. Economist Harold 
Furchtgott-Roth was nominated on May 24 


to fill the office for the three years remain- 
ing in that five-year term. 

Contenders for the chairmanship include 
Kennard. Ness. Wallman and Everett. 

The change in commissioners will bring 
in new advisers. (Each commissioner has 
three.) It would not be surprising to see a 
reshuffling among bureau chiefs and other 
staff, either. It will take some time before 
the agency regains the momentum it will 
lose during the transition. 

It would be wonderful to predict im- 
proved regulation for SMR and private 
radio under a new chairman. If the White 
House directs the next chairman the same 
as it has Chairman Hundt, though, the ef- 
fort required to advance the needs of SMR 
system operators and private radio users is 
one thing that won't change. 

—Don Bishop 


Additional comments about the resignation of Reed 
Hundt as FCC chairman: 


Chairman Hundt accomplished many of his objectives at the helm of the FCC, 
and certainly facilitated the development of the wireless age for the American 
public. However, during his tenure, not much was necessarily accomplished for 
the private wireless industry. Perhaps if he had stayed longer, we would have had 
our day in the sun. With the pending leadership changes at the FCC, ITA antici- 
pates that some critical proceedings may be delayed. Other than the recent gains 
made in the refarming proceeding, which by no means is out of the woods as yet, 
we still deserve attention and closure on a number of other proceedings, We also 
deserve a fair hearing in the pending reallocation of the 746MHz-—806MHz bands. 

—Mark Crosby, president, Industrial Telecommunications Association 


The wireless industry has undergone more change during Chairman Hundt’s 
tenure than at any other time in its history. Unfortunately, most of the change has 
been detrimental to small businesses in telecommunications. SBT hopes that the 
next chairman won’t view spectrum solely on the basis of how much money it can 
raise, but will be more sensitive to, and considerate of, the needs of small busi- 
ness, private operators and the public interest in general. 

—tLonnie Danchik, chairman, Small Business in Telecommunications 


Under Chairman Hundt’s leadership, the FCC has finally paid attention to public 
safety communications needs and has begun the critical process of finding spec- 
trum to reallocate for public safety agencies. In particular, Chairman Hundt has 
led the charge to open up TV channels 60-69 for possible reallocation. We hope 
that the new chairman will follow Chairman Hundt’s lead and finalize a reallo- 
cation of 24MHz of that spectrum for public safety. 

—Ronnie Rand, executive director, Association of Public-Safety 
Communications Officials—International 


Chairman Reed Hundt has done an exemplary job in overseeing the moderniza- 
tion of the Federal Communications Commission, streamlining its processes and 
Meeting all of the FCC’s Congressionally mandated deadlines. 

—Jay Kitchen, president, Personal Communications Industry Association 
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1997 
August 


10-14—International Association of Public-Safety Communications 
Officials (APCO) National Conference, Westin Hotel, Charlotte, NC. 
Contact: 904-322-2500. 


September 

10-12—Personal Communications Showcase, sponsored by the Personal 
Communications Industry Association, Dallas Convention Center, Dal- 
Jas. Contact; 800-326-8638. 


October 


27-29—Wireless Apps, sponsored by the Cellular Teleconmmunications 
Industry Association, Seattle Convention Center. Seattle. Contact: 
Francesca Dea. 702-739-4025. or Tim Ayers, 202-736-3203. 


November 

6-7—AMTEX, sponsored by the American Mobile Telecommunications 
Association, Hilton at Walt Disney World Village. Orlando. FL. Contact: 
202-331-7773. 

6-8—Second International Congress on Commercial Trunked Radio, 
sponsored by the International Mobile Telecommunications 
Association, Hilton at Walt Disney World Village, Orlando, FL. Contact: 
202-331-7773. 

12-16—Communications Marketing Conference, sponsored by the 
Communications Marketing Association, Holiday Inn International 
Drive Resort, Orlando, FL, Contact: Bernie Brownson, 303-371-8182. 

21—Radio Club of America, Communications Symposium, 88th 
Anniversary Dinner and Awards Presentation, New York Athletic 
Club. New York. Contact: Ger Hopkins. 9O8-842-5070. 


1998 

February 

23-25—Wireless, sponsored by the Cellular Telecommunications Indus- 
try Association, Georgia World Congress Center, Atlanta, Contact: 
212-964-7000, 


March 

1-4—ENTELEC, sponsored by the Energy Telecommunications and Elec- 
trical Assocation, Marriott River Center, San Antonio. TX. Contact; 281- 
357-8700. 


April 

20-23—Expo Comn/Comdex, sponsored by EJ. Krause & Associutes, 
McCormick Place, Chicago. Contact: 301-493-5500. 

22-24— International Wireless Communications Expo, co-sponsored by 
Mobile Radio Technology, Las Vegas Convention Center, Las 
Vegas. Contact: 800-288-8606. 


May 

18-21—Supercomm, sponsored by USTA and TIA, Atlanta. Contact: 202- 
326-7300. 

18-21—Vehicular Technology Conference. sponsored by IEEE Vehicular 
Technology Society. Westin Hotel. Ottawa, Canada. Contact: 908-562-3870. 


June 

20-22—Canadian Wireless, sponsored by the Canadian Wireless Tele- 
communications Association, Metro Toronto Convention Center, 
Toronto, Canada. Contact: 613-233-4888, ext, 102. 

28-July 2—UTC National Conference & Exhibition. sponsored by UTC, 
The Telecommunications Association, Hynes Convention Center, Bos- 
ton. Contact: 202-872-0030. rt 
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echnically speaking 


Site noise vs. system noise figure 


By Harold Kinley, C.E.T. 


No matter how good the noise figure of 
individual components of a receiving sys- 
tem may be, it is the overall system noise 
figure that represents the bottom line in 
describing how well a receiving system 
will perform in the real world. To a large 
degree it is the ambient site noise in which 
the receiving antenna is placed that deter- 
mines the overall system noise figure. In this 
column we will look at several receiving 
systems for a conventional narrowband FM 
(*5kHz deviation) system and compare the 
performance in high-, medium- and low- 
noise environments. 


Antenna noise figure 

Sometimes you will see the term an- 
fenna noise temperature used to describe 
the level of ambient site noise in which 
the antenna is placed. | prefer to use the 
term antenna noise figure. Figure | below 
shows a simple open-circuit resistor. 
Thermal noise voltage will appear across 
the resistor. The level of the noise voltage 
will depend on the resistance, tempera- 
ture and bandwidth. The formula for noise 
voltage is( Vx): 


Vy = V4RKTB 


For SOW systems this can be reduced to 


Vy = 14.140k7B 


where 

k = Boltzmann’s constant, or 1.38 10°74 
T = temperature in degrees Kelvin (K) 
and 

B = bandwidth in hertz. 


Generally, 290°Kelvin, or about 62°F, 
is considered to be earth's temperature. 
The noise voltage appearing across the 
500 resistor shown in Figure | is 
0.1096u¥ at 290°K in a 15kHz bandwidth. 

The equivalent noise input of a receiver 
can be determined by the following for- 


+ 50M RESISTOR 


Figure 1. The open circuit thermal noise volt- 
age across the 502 resistor is 0.1096mV 


Figure 2. When the resistor is connected to 
the input of the receiver, the noise voltage 
from the resistor is reduced by one-half to 
0.055. V, and the receiver with a noise figure 
of OdB will have an equivalent noise input 
voltage of 0.055,.V. This results in a total noise 
voltage of 0.0778,V at the receiver input. 


500 _ 
RESISTOR 


mula: Nr = 10log(Ns) + Nr ~ 174 where Nr 
= equivalent receiver input noise in dBm, 
Ns = noise bandwidth in hertz and Nr = 
receiver noise figure in decibels. If the re- 
ceiver noise figure is OdB and the noise 
bandwidth is 15,000Hz, then the equivalent 
noise input to the receiver is —132.24dBm 
or 0.0546yuV rounded to 0.055nV. 

Now, refer back to the 5022 open- 
circuit resistor. It had a noise voltage of 
0.1096uV across the terminals. If we con- 
nect this resistor to a SOO receiver with a 
OdB noise figure (with the equivalent of 
0.055uV noise voltage input), what hap- 
pens? (See Figure 2 above.) Because the 
resistor is terminated in 502. (receiver in- 
put impedance), the noise voltage across 
the resistor will divide in half to produce 
0.055uV of noise voltage across the re- 
ceiver input. Now the resistor is contribut- 
ing 0.055pV of noise, and the input noise 
at the receiver is 0.055yV. Because the two 
noise voltages are non-coherent. the total 
or resultant noise voltage at the input to 
the receiver is found from the root-sum- 
square (RSS) of the two voltages. 

Thus, the resultant noise voltage at the 
input to the receiver is: 


N= VNx’ + Nex? 
= ¥0.055? + 0.055? 
= ¥0.00605 


= 0.07781 


Thus, with the 500. resistor connected 
to the receiver input, the noise voltage 
has increased from 0.055uV to 0.0778nV. 
representing an increase of 3dB. The noise 
figure has increased by 3dB with the con- 
nection of the resistor to the receiver, or 
simply, the resistor has a noise figure of 
3dB. If we substitute an antenna for the 
resistor the antenna wil] have the same 
effect on noise figure: that is, assuming 
that the antenna is placed in an environ- 


Y= 


Figure 3. The basic receiving system is com- 
posed of the antenna, the preamplifier, trans- 
mission lines and the receiver. 


ment where site noise is negligible. It 
would be hard to find such a place in the 
real world. The main point is to show that 
an antenna will exhibit a noise figure of 
3dB at a minimum. Normally, the equiva- 
lent antenna noise figure will be much 
higher than 3dB. 


System noise figure 

Now, we will examine several ex- 
amples of receiving systems to compare 
the effects of site noise with various 
amounts of line loss and with or without 
a tower-top preamplifier. Figure 3 above 
is our basic receiving system. The pream- 
plifier (the dashed line) may or may not 
be in line for a particular series of data. 

The receiver used in this table repre- 
sents a sensitivity of approximately 
0.25uV for a noise figure of 9dB, The first 
four lines of the table are for antennas 
with the best possible noise figure (3dB) 
representing a site with the lowest pos- 
sible noise. Notice that the line loss af- 
fects the overall system noise figure al- 
most on a decibel for decibel basis. 

Lines 5-9 illustrate what happens when 
the antenna is at a site with moderate 
noise represented by a 10dB antenna noise 
figure. Notice that on line 5, for a OdB 
line loss, the system noise figure is 
12.3dB. On line 7, the line loss is in- 
creased to 4dB but only increases the 
system noise figure by slightly more than 
2dB. 

Lines 9-11 show some comparisons at 
a site where the site noise is high repre- 
sented by a 20dB antenna noise figure. 
The overall system noise figure with a 


(continued on page 50) 


Kinley, a certified electronics technician, is re- 
gional communications manager, South Caro- 
lina Forestry Commission, Spartanburg, SC. He 
is a member of the Radio Club of America. He 
is the author of Standard Radio Communica- 
tions Manual: With instrumentation and Test- 
ing Techniques, which is available for direct 
purchase. Write to 204 Tanglewylde Drive. 
Spartanburg, SC 29301, Kinley’s email address 
is hkinley@ aol.com. 
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Two More Reasons To 
Choose Hutton 


You have a choice of wireless equipment distributors, and Hutton 

Communications should be your first choice. With the recent 
publication of our 1997 Product Selection Guide and our new 
CD-ROM catalog, you have two more reasons to choose Hutton 
for all your wireless product needs. 


The 1997 Hutton Product Selection Guide is an extensive 
reference book with product descriptions, photos, charts and 


pricing. With over 10,000 products listed, you'll find this catalog THe st 
to be a valuable tool. Choice 
oral 
The Hutton Access Link (HAL) CD-ROM Catalog allows you to Wireless 
Distribution 


see the products that you need on your PC’s screen. You'll be 
able to create your order on your own PC and transmit it directly 
to our system toll-free with HAL. 


Simplify how you buy wireless products! Call to request your FREE eae 
copy of the 1997 Hutton Product Selection Guide and HAL, our Visit Us At Expo Comm 
new CD-ROM catalog. Booth #5551 


Atlanta Calgary Chicago Dallas Denver Harrisburg Seattle Toronto 
800-741-3811 800-463-4793 800-435-9313 800-442-3811 800-726-6245 800-759-3031 800-426-2964 800-265-8685 
FAX 770-963-7796 FAX 888-312-4444 FAX 800-284-4934 = FAX 972-239-5264 FAX 903-371-5690 FAX 717-763-9144 FAX 206-485-5548 + FAX 800-265-9414 
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Selecting antennas 
for PCS and DCS systems 


Selecting antennas for a PCS or DCS system may be the most important 
decision an RF engineer makes. There are several points, including electrical 
issues, for the engineer to consider, and attention to detail is key. 


By Andrew Singer 


Many personal communications service 
(PCS) and digital cellular service (DCS) 
systems are being designed and optimized 
around the world. With system perfor- 
mance on the line, selecting antennas for 
a PCS or DCS system can be the most 
important decision an RF engineer makes. 
The antennas may represent only 1% to 
3% of the total cost of a typical site, but 
they can have a big effect on performance. 
In fact, using a “dollar/performance™ cri- 
terion, antennas can achieve the “most 
bang for the buck” of any system compo- 
nent. With this in mind, it is important to 
consider several points when selecting an- 
tennas for PCS and DCS systems. 

Several electrical issues can signifi- 
cantly affect overall system performance. 
Horizontal and vertical beamwidths de- 


Singer is director of technical marketing al 
Celwave, Martboro, NJ. 


fine antenna gain. Horizontal beamwidths 
typically used on PCS and DCS systems 
are 33°, 65°, 90° and 120°. Each has its 
proper application. Horizontal beam- 
widths at 120° are typically used by engi- 
neers who subscribe to the design theory 
developed during the early days of cellu- 
lar. The conventional wisdom currently 
accepted is that 90° horizontal beamwidth 
antennas perform better in digital 
systems. 

By using 90°, or even narrower anten- 
nas, excessive overlap is avoided as 
shown in Figure 1 below. This excessive 
overlap can cause higher bit-error rates 
(BERs) in digital systems and capacity 
loss because of excess soft hand-off zones 
in code-division, multiple-access (CDMA) 
systems. By using 90° or narrower hori- 
zontal beamwidth sector antennas, opera- 
tors can also help reduce the possibility 
of capturing mobiles from adjacent sec- 
tors, thus optimizing hand-offs. For PCS 
and DCS systems, most operators use 90° 
horizontal beamwidth antennas in rural 
and suburban sites. 


Compare typical sectors to the Maximizer 


Typical 120° sector units 


The 90° Maximizers 


Figure 1. Excessive sector overlap created by antenna horizontal beamwidths of 120° (left) is 
reduced in digital systems by the use of beamwidths of 90° (right). 


For core urban sites, some operators use 
65° horizontal beamwidth antennas, The 
33° beamwidth antennas can be used for 
special bidirectional “corridor” applica- 
tions. By mounting two high-gain, 33° 
horizontal beamwidth antennas back-to- 
back and then feeding them through a 
two-way coaxial power divider. a high- 
gain, bidirectional pattern is created. This 
pattern is ideal for covering long inter- 
state highway cormidors. 

When the antennas are combined with 
a power divider, however, the energy is 
defocused, thus decreasing the gain by 
3dB. To maintain maximum gain, the an- 
tennas should be fed separately. with the 
RF channels split between the two. An 
example of a bidirectional array for cor- 
ridor coverage is shown in Figure 2 be- 
low, The front-to-back ratio (F/B) is also 
an important aspect of the horizontal 
beumwidth. The F/B typically varies be- 
tween 20dB and 45dB, depending on the 
model and manufacturer. Log periodic 
dipole array antennas usually have a 


AP193320 


SE 


Figure 2. Corridor coverage applications 
where half the total channels are fed into each 
antenna. 
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CAUTION: 
CHANGING TEST 
REQUIREMENTS 


AHEAD 


LLL 4 


IFR Systems, Inc. 
RF Division 


Predicting tomorrow's technology is 
a difficult road to travel. But with the new 
generation COM-120B, you don’t need 
road signs to predict the twists and turns 
of wireless communications testing. With 
its field proven performance and incorpor- 
ating over a dozen new innovations, the 
COM-120B easily negotiates the course of 
wireless testing. 

Straight away, you'll experience the blazing 
speed of the upgraded microprocessor. The 
new graphics system provides the flexibility 
to display customized test results. And 
for more demanding test and configuration 
requirements, the COM-120B has an indepen- 
dent functioning tracking generator, that 
allows simultaneous sweeps of two sets of 
RF frequencies. 

Plus, PCMCIA port enhancements give you 
additional flexibility to configure user defined 


10200 West York Street, Wichita, Kansas 67215-8999 
316-522-4981 © 1-800-835-2352 * FAX 316-522-1360 
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Visit IFR Systems on-line at http://www.ifrsys.com 
For information on career opportunities, contact IFR Systems Human Resources Department 


test parameters and program files. This 
configurable data port turns the COM-120B 
into a remote controlled input/output 
source, allowing you to initiate tests by 
simply plugging into a modem. And with its 
unique internal/external file storage and 
retrieval system, the COM-120B offers you 
unrivaled data storage, test configuration 
and analysis power. 

Of course, the new generation COM-120B 
is backed by the kind of service and support 
that you expect from a global leader in test 
instrumentation. For solutions that keep pace 
when communication technologies change, 
call 1-800-835-2352. Ask about 
our lease/rental and extended 
warranty progmims, too. 


“I found real solutions 
at IFR Systems” 


Figure 3, H-plane pattern at 1,990MHz. 


higher F/B than panel antennas. The high- 
est F/B available on the market today is 
45dB, which is useful for rejecting co- 
channel and adjacent channel interfer- 


Figure 4. E-plane pattern with good null-fill at 1,990MHz. 


ence. Not only should you look at the 
front-to-back specification, but the over- 


all reduction of signal toward the back of 


the antenna. The horizontal pattern of an 


The complete digital 
solution for.your PCS. 
or Cellular needs... 
The | 
| aes th 


*.Weighs 25 pounds ot 
# internal modulators for all po 
MA 


FREQUENCIES AVAILABLE: 
¢ PCS e CELLULAR « PAGING « iVDS 
¢LMReISM « AMPS * ETACS 


VARITRONICS 
SYSTEMS 
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antenna with a F/B of 45dB is shown in 
Figure 3 above. 

Once a horizontal beamwidth is cho- 
sen, the next step is to determine the 
proper vertical beamwidth. Vertical 
beamwidth, horizontal beamwidth and 
antenna efficiency define the overall gain. 
PCS and DCS antennas are typically 
available in lengths from one foot to six 
feet. A six-foot-tall PCS-DCS antenna has 
a vertical beamwidth of about 4°. This is 
about as narrow a vertical beamwidth as 
should be used in a PCS or DCS system. 


Photo 1. Cellite AP 196516 with APM221-1, an 
antenna with 65° horizontal beamwidth, 7° ver- 
tical beamwidth and 16dB6d gain. 


For LTR°® and Shared Repeater Panels? 


LTR® PANELS SHARED REPEATER PANELS 


The LT-4200 is a dispatch only LTR® Controller and is 
fully EFJ® and Uniden® bus compatible. $649 dealernet. ‘The all new TP-163 is the most powerful Shared 
Repeater Tone Panel available today. Beats 


* Front Panel Display * Cloning 


«5000 ID Validation Tine Logyor Z competition hands down! $299 dealer net. 
* Two RS-232 Ports b peoprains using CSIBASE ¢ 51 CTCSS* Tones * Time and Hit accumulators 
And Mare “LTR Overlay ¢ 112 DCS Codes * Can cross any tone or code 

¢ Prepaid Airtime * Maintains Stuck Mic History 

¢ CTCSS Trak™ « Front RS-232 port for computer 

¢ Can serve 163 users « Rear RS-232 port for modem 


* All adjustments available from rear 

* TP163MGR allows offline programming 

« Available with two controllers per panel 

« DTMF programming for sites w/o phone lines 


The LT-4900 is a dispatch PLUS two line And More 

interconnected LTR® Controller. The LT-4900 can sup- 

port E&M, or both E/E and DID on the same channel. sca erro ics 
$1499 dealer net. ao ae 


MODEL LT-4900 


All TaeTRS of LT-4200, plus... oe ‘ The TP-154 is a Shared Repeater Tone Panel that 
i bar igh Dugas per aaae i ete iii offers excellent performance at the lowest possible 
* Speed Dialer cost. There are thousands in use worldwide. 
And More $279 dealer net. 
Options , 
mittee Prompts Cal Dea Records a = i ee 
, Seana “MP plareling * Can serve up to 154 users * CTCSS Trak” 
And More 
LTR® Overlay on UHF + iis SET 
The LT-4200 can be Overlayed on your existing ; (ae as eae j 
UHF conventional repeaters allowing you to ee i 
phase into LTR® at minimum cost. Please inquire The TP-154 PLUS is a TP-154 with interconnect 
for full details. added. Mobiles can be called selectively from 
— either DTMF or Dial Pulse phones using built-in 
For more product data visit CTCSS, DCS, OTMF, 2 Tone or 5/6 Tone signalling. 
our Website or Call Toll Free Optional Line Expander(s) can add up to 64 phone 
(800) 545- 1 349 lines. $649 dealer net. 


= Ph 805) 642-7184 
® Connect Systems Inc. Fax” (08) 627271 
2259 Portola Rd. Email sales @ connectsystems.com 
Ventura, CA. 93003 


Internet www.connectsystems.com 


CSI and CTCSS Trak are trademarks of Connect Systems Inc. EFJ & LTR are trademarks of EF Johnson Co. Uniden is a trademark of Uniden of America. 
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Peak = [H + tan(DT)] + 5280 
Disin = [H = tan(DT + 0.5 xX BW)] + 5280 


Omax = [H + tan(DT — 0.5 x BW)] + 5280 


BW = vertical beamwidth 
DT = downtilt 


.7 PRIMARY 


ILLUMINATION 


AREA 


Figure 5. Use the equations to determine the proper degree of downtilt. Beware of simplified 
methods that only use two or three values for all sites. Downtilt should be determined on a per- 
site basis, particularly during ‘coverage’ stages for buildout. 


A PCS antenna with a 65° horizontal 
beamwidth and a 7° vertical beamwidth 
should have a gain of about 16dBd. An 
antenna with these characteristics 1s 
shown in Photo | on page 12. Two PCS- 
DCS antennas with the same beamwidths 
should have about the same gain, provided 
they have reasonable antenna efficiency. 


Unfortunately, this is not always the case. 
Most operators use antennas between four 
feet and six feet in length for rural and 
suburban sites. For urban sites, antennas 
from one to four feet long are being used, 
depending on the particular application. 
The vertical pattern also defines the 
amount of null-fill available, Null-fill can 


be useful for improving coverage close to 
the site. particularly for low-power por- 
tables. An antenna with good null-fill can 
be seen in Figure + on page 12. 
Downtilt is another issue that RF engi- 
neers often discuss when designing and 
optimizing PCS and DCS antenna sys- 
tems, Downtilt focuses below the hori- 
zon. (See Figure 5 at the lett.) First. be- 
cause PCS and DCS systems reuse fre- 
quencies, controlling the level of signal 
on the horizon is important. By tilting the 
main beam below the horizon, less co- 
channel interferenee occurs at the site that 
reuses the same frequency. Second, fo- 
cusing the signal below the honzon can 
help to improve close-in coverage. When 
designing a system, the operator must be 
careful to consider both issues when 
choosing the best amount of downtilt at 
each specific site, Some operators use a 
fixed value at every site, say 10°. This 
type of thinking can get the designer into 
trouble quickly. Every site has a specific 
height abeve average terrain (HAAT), de- 
sired coverage urea and reduction of sig- 
nal on the horizon. By using the equations 
in Figure 5, an RF engineer can more in- 
telligently choose an initial value of 
downtilt for a particular site, Operators 
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the performance of 


Cable connections. 


Worried about water 
migration degrading 


your transmission line 
system? Relax. 3M Cold § 
Shrink kits from Andrew 
bring you the fastest, easiest 
protection from environmental injustices. 


Splices. Jumper-to-antenna interfaces. 


New Cold Shrink kits cover more sizes of cables 

and cover more cable sizes per kit. Thoroughly tested 
for each application. Cold Shrink installs in:no time. 
No tools. No tape. You won't find a more.effective way 
of preventing moisture from taking you off the air. 


For your free sample, callvus ‘today. at 
1-800-255-1479 ext. 194 or 
Fax us at 1-800-349-5444 
Visit our-Web Site at 
http://www.andrew.com 
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ANDREW. 


In A Communicating World, 
Andrew Is Everywhere 


Whatever the 
JOD... 


KENWOOD ALWAYS 
COMES THROUGH. 


Quality design and performance. 
A versatile, affordable full line 

of two-way radio products. 

The world turns to Kenwood for 
fifty years of engineering 
excellence, and the best in 
conventional and trunked mobile 
and portable radios. Used by 
public safety, government, 
business and industry throughout 
the U.S., Kenwood radios are 
built to demanding standards for 
dependable performance. 


Your local Kenwood dealer 

can introduce you to the 

full line of Kenwood portables, 
mobiles, base stations, repeaters 
and accessories, as well as 
complete systems solutions, 


KENWOOD 


ALWAYS OMES THROUGH BIS 2007) 


KENWOOD COMMUNICATIONS CORPORATION * FAX (310) 761-8246 « http://www, kenwood.net 
Catt 1-800-950-5005 
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AEA 
ISOPOLE™ 


THE BEST LOW COST 
VHF BASE ANTENNA 


PATENTED CONE DESIGN 
The chief feature of the IsoPole 

antenna is its superior decoupling 
resulting from patented dual-cone 
decoupling sleeves. With no spillover 
RF currents at the feedpoint of the 
antenna, the IsoPole has a clean high- 
gain radiation patiern with a zero degree 
angle of radiation for maximum 
distance. Now you can work through 
distant repeaters or communicate with 
simplex stations over paths that never 
worked before. With the IsoPole antenna, 
you do not have RF radiation trom the 
coax that can cause interference with 
other electronic devices in the home 
such as your computer, FAX or 
telephone. Likewise, EMI (Electro- 
magnetic Interference) from office 
microcomputers is not picked up on the 
coax going to your [soPole - i.e. no 

more computer birdies covering up 

those weak VHF or UHF signals. 


OUTSTANDING 
MECHANICAL 
FEATURES 


We are aware of many IsoPole antennas 
still up and performing as well as the 
day it was installed over a decade ago. 
Many of these antennas have survived 
hurricane force winds, blistering desert 
heat and u¥, Siberian style winters, and 
rain forest moisture conditions. In spite 
of the long term life expectancy of the 
[soPole antenna, it is one of the 
easiest base station antennas to install. 


COMPARE THESE 
ELECTRICAL FEATURES 
The IsoPole has a minimum 1O MHz 
bandwidth within 2:1 SWR points, The 


IsoPole- 150 will handle over LkKW 
of RF power, 


ORDER YOUR 
ISOPOLE TODAY 

This outstanding antenna is now 
available factory direct for the LOW 
price of only $89.95 plus $7.50 
shipping and handling for the ISO-150. 
The ISO-440 is $119.95 plus $7.50 
shipping and handling. 


AEA 


Now a Division of Tempo Research 
Corporation 
1221 Liberty Way, Vista, CA 92083 
Phone: 760-598-9677 
FAX: 760-598-4898 


Prices and Specifications subject to change 
without notice or obligation 
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co eee 


-170 io 


170° 


Downtilt (°) Beam peak (°) Effective beamwidth (°) Front-to-back ratio (dB) 


0.08 
1.23 
1.39 
43.65 
59.96 


92.29 —53.882 
102.49 —51.498 
124.78 —49.199 
66.94 —39.987 
44.45 — 26.337 


Figure 6, H-plane pattern on the horizon for an eight-element array at 1,920MHz, with varying 


degrees of mechanical downtilt. 


VSWR = 1.2:1 


VSWR = 1.5:1 


Figure 7. Although antenna ‘Y’ has a better 
VSWR than antenna ‘X,’ it uses lossy materi- 
als. The loss added to the system actually de- 
creases performance. 


should be cautious of companies offering 
solutions with a selection of signal reduc- 
tion on the horizon, such as 3dB. 6dB and 
12dB down. This type of solution does 
not consider the necessary coverage area, 
nor does it offer the optimized solution 
for each site. Once the optimal value of 
downtilt has been chosen. the RF engi- 
neer must decide among mechanical tilt. 
electrical ult, or a combination. Mechani- 
cal tilt is achieved with a mechanical 
downult bracket designed for the antenna. 
Electrical tilt is designed into the antenna. 
and the operator purchases the antenni 
with a fixed valuc of tlt. Figure 6 above 
shows the H-plane pattern on the horizon 
for an eight-element array with a 90° hori- 
zontal beamwidth mechanically tilted 2°, 
4°, 6°, 8° and 10°. As can be seen, with 
10° of tilt. the horizontal beamwidth on 
the horizon is considerably distorted by 
mechanical tilt. However, the patterns 
with 4° of mechanical tilt show that with 
a reasonable amount of tlt, say 4° for an 


-TESSCO delivers 
the mother of 
all cable. 


RES Cablewave. 


FLEXWE, ® 727 7 
LOS. ay nig 


Call 1-800-691-6688 to find out why 
RES* Cablewave is your be: 


best cable value. 


‘The new 


ULTRA-COM 
NT 


Windows 
NT-Based 


Radio shi mai a dni 


i =) | 
Coren Geen) a a 
Come ee) a a 


Moducom's new Windows- 
based ULTRA-COM NT is the 
only communications worksta- 
tion that lets you design screens 
and set operating parameters 
with no changes to software and 
with no reprogramming costs, 
using MODUCOM's exclusive 
Screenmaker and Customizer 
programs. 

Now, the new MEDIC diagnos- 

tic program analyzes the status 
and performance of the hard- 
ware and software in the system 
and recommends corrective ac- 
tion if required. 
The ULTRA-COM NT's design, 
whether stand-alone or as part 
of a multi-position system, takes 
advantage of the latest ad- 
vances in communications tech- 
nology. 


Moducom Windows NT-based dispatch 
consoles, are designed for today's 
emergency communications 
requirements, and for the future. 
Write, phone or fax for detailed 
literature 


MODULAR 
COMMUNICATION 
SYSTEMS, INC. 
13309 Saticoy St. 

No. Hollywood, CA 91605 
(818) 764-1333 Fax (818) 764-1992 
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Table 1—Compatible couples, 


METALLUAGICAL CATEGORY 


ANODIC 
INDEX 
(01 VOLT) 


COMPATIBLE COUPLES 


Gold, soho and plated: gold-platinum 
alloys; wrought platinum 


Rhodium plated on sitver-plaied copper 
Silver, solid or plated; high silver alloys 


Nickol, sold or plated; Monel metal; 
high nickel-copper alloys 


Copper, solid or plated; low brasses or 
bronzes; silver solder; German silver; 
high copper-nickel alloys; nickel- 
chromium alloys; austenitic stainless 


Commorcial yellow brasses and bronzes 


0.25 40 
0.30 45 


High brasses and bronzes; naval brass; 
muniz metal 


18% chromium-type corrosion- 
rosistant steels 


Chrominum, plated; tin, plated; 12% 
chromium-type corrosian-resistant steels 


Tin plate; terne-piate; tin-lead solders 


Lead, solid or plated: high-lead alloys sits $ 


tron, wrought, gray 
plain carbon and lo ae shop nosh steels 


a 
conan ‘ype 


Aluminum, wrought atioys other than 
duralumin type; aluminum, cast alloys 
of the silicon type 


Aluminum, cast alloys other than silicon 
type; cadmium, plated and chromated 


Zinc, bye gp see dle-coating 


a cast of wrought 


NOTE: © = the most cathodic mamber of the series, @ = An anodic member, and the arrows = the anodic direction, 


eight-element array, there is no signifi- 
cant difference between mechanical and 
electrical tilt. The H-plane cut at the angle 
of mechanical tilt has the same pattern as 
the antenna without mechanical tilt. It is 
for this reason that mechanical ult makes 
so much sense for reasonable values of 
downtilt. As long as no more than 10° of 
mechanical tilt on a four-element array, 
4° to 5° on a eight-element array and 2° to 
3° on a 12-element array are used, there is 
no significant distortion of the horizontal 
pattern, and the mechanical ult allows for 
optimization of tilt in the field. If electri- 
cal tilt is required because of the amount 
of tilt needed, it may be wise to use a 
combination of electrical and mechanical 
tilt. The mechanical tilt bracket allows for 
easy adjustment of the tilt during the site 
optimization stage. 

Last, but not least, among electrical is- 
sues to consider when choosing PCS and 
DCS antennas is voltage standing wave 
ratio (VSWR or return loss). Many op- 
erators choose antennas based on VSWR, 
but one must be careful when assuming 
that low VSWR means high quality. Back 
in the CB radio days, there was a com- 
pany “X” that manufactured a high-qual- 


ity 5/s-wave mobile antenna. This antenna 
had a VSWR of about 1.5:1. A new manu- 
facturer, company “Y,” developed a >/s- 
wave mobile antenna with a VSWR of 
1.2:1. However, the low VSWR was 
achieved with a lossy coil. The antenna’s 
overall gain was lower than the antenna 
from company “X,” as can be seen in 
Figure 7 on page 16. Unfortunately, com- 
pany “Y” took over the market with the 
antenna with less gain only because it had 
a better VSWR. Another way to view this 
situation is to imagine that every site in 
the system has an antenna VSWR of 1.5:1. 
The director of engineering comes to you 
on Friday afternoon and says, “Every site 
better have a 1.3:1 VSWR by Monday 
moming, or else.” One easy way out is to 
go to an electronics store and buy a couple 
hundred 3dB loss pads. Install one on the 
output of every antenna over the weekend 
and, voild, every antenna has a VSWR of 
about 1.22:1, and you never need to find 
out what “or else” means, Of course, there 
is one problem. Every antenna has its gain 
reduced by 3dB. The moral of the story is 
that lossy materials in an antenna will give 
the antenna a better VSWR, but they will 
also reduce gain and system performance. 


over BIG BOYS 


"We initially tried Times cables because of the drastic differences in 
cost between them and the other ‘big' vendors ... We are well pleased 
with Times cable products — it's high time the 'Big Boys' got a run 


for their money!" 
Jon E. Inbody, Wireless One 


The "Big Boys" (you know who they are) want you to buy their stiff corrugated 
copper cable, but there is a better way . .. Times Microwave LMR’ flexible commu- 
nications cable will save you loads of hay! It's quicker to install and flexible enough 
to eliminate many jumper cables. The elimination of jumper cables increases system 
reliability, reduces loss and speeds installation. So maybe it's time to put those "Big 
Boys" out to pasture! 

Contact us today for complete information and a sample of LMR cable — when 
you bend it in your hands, you'll see why Wireless One is sold on Times’ LMR coax 
cable — You will be too! 


Th MES microwave systems 


THE COAX LEADER 


World Headquarters: 358 Hall Avenue, Wallingford. CT 06492 M@ 203-949-8400, 1-800-867-2629 FAX: 203-949-8423 
International Sales: 4 School Brae, Dysart, Kirkcaldy, Fife, Scotland KY1 2XB UK @ +44(0)1592655428 FAX: +44(0)1592653162 
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When PC board antennas are used at 
1.9GHz, a similar situation arises. If you 
measure a PC board antenna for VSWR, 
it looks great, but try to measure one on 
an antenna range for gain, and you will 
typically find that they do not have the 
gain you would expect for the vertical 
aperture of the array. When selecting an- 
tennas, it is wise to have the antennas 
measured on an antenna range for gain 
and patterns. This should preferably be 


done all on the same day and with one of 
your engineers as a witness. (It is amaz- 
ing how a laptop can improve digitized 
patterns.) Many of the PCS-DCS anten- 
nas on the market do not meet advertised 
gain specifications. Although a half dB is 
not worth quibbling over, some of these 
products are overrated by 2dB, or even 
3dB. The only way to protect yourself is 
to verify advertised antenna gains on an 
antenna test range. 


arquis 


Microwave Products, Inc. 


High Reliability LDMOS Technology Amplifiers 
for as low as $10.00 per Watt 


‘Typical High Power Uni 
Class AB 
Power levels: 300, 400 
and 600 Watts 
Size: 19° x 5.20" 16,5" 


«Lower IMD 
«+Higher Efficiency 


Proven Quality 


Class A/AB Analog & Digital Operation 
Standard Amplifier configurations from 30 MHz to 1990 MHz 


‘Typical Medium Power Unit (up to 150 Watts) 


Class AB 
Power levels; 50, 90, and 150 Watts 
Size: 19" x 5,20" 4 4" 


Class A Power Levels 
25, 50 and 104} Watts 


ees 


CONVERSIONS & UPGRADES 


Revitalize Your 
Existing Power Amps 


Give an overhaul to your existing RF amplifiers. Our LDMOS 
upgrades will increase your reliability, output power and will 
convert your old unit to a reliable amplifier. 


Example: A typical cellular 45 watt unit can be upgraded to an output of 644 watts Tor as lithe as $ 295,00 
(Original anit mest be in workiag condition, or repair charges wall be added to the cau af the Conversion), 


(90 day parts and labor warranty included, Extended warranty available) 


CONVERSIONS AVAILABLE FOR ALL 
MAKES , FREQUENCIES & POWER LEVELS 


Call --NOW-- for a Quote POWERED BY 


MOTOROLA 


LDMOS TECHNOLOGY 


2155 Stonington Avenue, Hoffman Estates, 11. 60195 
Phone; 847-519-2177 Fax: 847-519-2175 
e-mail: sales @marquis-mwp.com 
Visit our WebSite at; hitp://www.marquis-mwp.com 
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Along with these electrical issues, it is 
just as important to consider mechanical 
issues. Catastrophic antenna system fail- 
ures usually can be traced to poor me- 
chanical antenna design. By looking for a 
few key features, you can help to protect 
yourself from these catastrophic failures. 
A key ingredient in successfully design- 
ing PCS and DCS antennas is to use the 
proper materials. Table 1 on page 18 
shows compatible couples. Using this 
table, engineers can determine which met- 
als can be placed in contact with other 
metals without causing galvanic corro- 
sion. Galvanic corrosion can lead to inter- 
mod (IM) over time. 

Another issue with the mechanical de- 
sign of antennas is the large number of 
cables and solder joints used in certain 
designs. These soldered joints can be dif- 
ficult to contro] and may break down over 
time, or may leave the factory in less- 
than-perfect condition. Although an an- 
tenna with numerous soldered joints may 
have no intermod when it is tested at the 
factory, operators have to be concerned 
with how it performs over the long term. 
One way to avoid this problem is to avoid 
cables and soldered joints completely. 
Although this is not always possible, 
sometimes a third construction technique 
can be used, By using a “monolithic” con- 
struction, the reliability of an antenna can 
be greatly increased, Photo 2 on page 22 
shows an antenna constructed with this 
type of new technology. By eliminating 
cables and soldered joints, this monolithic 
technology improves the probability that 
an antenna wil] function reliably over the 
long term. If an antenna’s chance of fail- 
ure is statistically related to the number 
of soldered joints, eliminating all of the 
joints should dramatically reduce the 
number of catastrophic failures in the 
field. The monolithic design also has an 
added benefit that the feed lines use air as 
a dielectric, which helps to reduce loss. 

Another key mechanical] aspect of an 
antenna is the connector. Most PCS and 
DCS operators are using 7/16 DIN con- 
nectors, They use these connectors on 
antennas for their good intermodulation 
specifications and durability during in- 
stallation. Another aspect for RF engi- 
neers to consider when selecting antennas 
for PCS and DCS systems is environmen- 
tal testing such as IEC (International 
Electro Technical) testing. Table 2 on 
page 22 shows the minimal TEC testing a 
manufacturer should perform on an an- 
tenna design. When discussing IEC test- 
ing with your antenna vendor, be sure to 
ask for a copy of the results. You should 
receive a description of each test along 
with final VSWR, patterns and [IM test 
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Photo 2. PCS antennas that have been as- 
sembled using ‘monolithic’ construction 
techniques. 


results after all the tests have been 
completed. 

A new development in antennas is po- 
larization diversity antennas. Cellular and 
PCS systems use a concept known as 
space diversity reception to improve up- 
link performance and to help balance the 
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uplink and downlink paths. Space diver- 
sity works under the assumption that an 
antenna spaced 10 horizontally from an- 
other antenna will not manifest signal 
fading identical with that of the first an- 
tenna. With a diversity receiver combiner 
that can use both antennas. the average 
uplink signal is improved between 4dB 
and 8dB, depending on conditions (and 
whose textbook you read). Polarization 
diversity is based on the assumption that 
the signal arriving from a portable phone 
in a multipath environment will exhibit 
random and changing polarization at the 
base site. By using an antenna that has 
elements in +45° and —45° polarizations, 
the signals can be fed into a diversity 
combiner, and the average signal can be 
improved. This polarization diversity 
technique has been shown to be basically 
equivalent to space diversity schemes in 
urban and heavy urban environments with 
a lot of multipath. An operator consider- 
ing polarization diversity needs to keep 
two important points in mind: First, po- 
larization diversity only works for por- 
tables in high-multipath environments. 
This technique may not work well in sub- 
urban and rural areas with little multipath. 
Second, polarization diversity generally 
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Table 2—Minimum IEC68-2 Tests 


1EC68-2-1 Cold; 16 hours at —40°C 
1EC 68-2-2 Dry Heat; 16 hours at +70°C 


1EC68-2-11 Salt Mist: 48 hours in salt tank 
@ 5% salt solution 


1EC68-2-14 Change of Temp.; +70°C to 


—40°C two cycles, 2hr. dwell 


IEC68-2-18 Rain: 10mm/hr. at various 
angles 


IEC68-2-26 Vibration: Varied frequencies 
and multiple axes 


IEC-68-2-30 Humidity: 24 hrs. @ 55°C and 
95% humidity, six cycles 


uses two input antennas, which requires 
duplexing the transmitters with one of the 
receiver outputs. Many of the PCS-DCS 
polarization diversity antennas exhibit 
poor IM performance. When checking IM 
on some of these antennas, I have seen 
some third-order products reach —60dBm 
to —80dBm with two 20W inputs. I have 
even seen this level on some standard, 
vertically polarized PCS antennas. Even 
the fifth-order levels on these antennas 
would cause serious noise problems and 
call quality degradation once a system is 
loaded. Any operator considering polar- 
ization diversity antennas, or any antenna 
to be used in a duplexed system, should 
ensure that the antennas exhibit excellent 
IM performance. One method of testing 
the IM performance of a particular design 
is to obtain several samples and test them 
at an IM test facility. Because most PCS- 
DCS carriers will only see fifth-order hits, 
a third-order level of —100dBm with two 
20W inputs should be the minimum ac- 
ceptable level. 

An RF engineer can often ascertain a 
lot about an antenna design by looking at 
the little details. Do the downtilt clamps 
that came with your antenna look as 
though your child made them from an 
erector set? How will they hold up in a 
100mph wind? What about a 125mph 
wind? Does the antenna have a drain hole? 
Has the antenna been opened to examine 
internal construction and workmanship? 
Have you performed the “jump” test on 
the antenna? Additionally, keep in mind 
that it can pay to spend a few more dol- 
lars and make sure you are purchasing 
high quality, reliable antennas for your 
PCS or DCS system. 


The author would like to hear how your PCS- 
DCS antennas have been performing and about 
any experiments being conducted. 
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Testing the performance 
of digital technologies 


Different digital standards result in different test methods and specifications. 
Field test equipment that generates and receives digital signals can improve 
maintenance of emerging radio systems. 


By Doug Mach, M.S.E.E. 


The new digital systems are changing 
the way radio performance is specified and 
measured. Ensuring the best system opera- 
tion and user satisfaction requires that new 
tests and measurements be made to prop- 
erly maintain the equipment. Here are 
some of the similarities and differences in 
performance measurement between exist- 
ing FM radios and some of the new digital 
systems. 


Digital radio standards differences 
Anyone who has serviced two-way ra- 
dios is familiar with the tests and mea- 
surements used to confirm proper opera- 
tion of analog FM radios. The most basic 
measurements commonly made in the 
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Figure 1, Eye pattern for four-level modulation. 


field are likely to be power output and 
receiver sensitivity. Simple talk-and- 
listen tests verify that the radio is ready to 
be put back into service. 

The new digital standards have changed 
things quite a bit. Different digital stan- 
dards result in different test methods and 
specifications, which further complicates 
the issue. The method of specifying and 
measuring the two basic parameters of 
power output and receiver sensitivity var- 
ies from system to system. 

A digital radio or system is one in 
which the desired intelligence (either 
voice or data) is transported by digital, 
rather than analog, means. Systems using 
digital signaling—such as trunking con- 
trol channels or those transmitting low- 
speed digital data—have been around for 
years. Voice systems using a 12kbps data 
rate have been in operation on the land 
mobile bands since at least 1976. In this 
case, some audio quality is sacrificed for 
security and simplicity. 


TIME IN 20n5 TICKS —- -- - +> 


Two trends have resulted in the devel- 
opment of new radio technology: 


QO The increasing ability to pack higher 
and higher data rates into existing radio 
channels using improved modulation 
techniques. 

O New voice compression technology 
allowing increasingly lower data rates 
without sacrificing good audio quality. 


Low-power-consumption microproces- 
sors make it possible to use both of these 
computation-intensive trends. 

Understanding the basic layers of a 
digital system helps in understanding the 
issues raised in measuring performance. 
The most basic layer is the over-the-air 
connection. This layer establishes a 
stream of data between two radios: The 
type of RF modulation is specified, and 
the means for establishing synchroniza- 
tion and data framing is determined. (See 
Figure 1 below.) At this point, the 
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traditional radio begins to evolve into a 
digital device. Once the radio-to-radio 
data connection is established, data are 
then passed on to be processed for signal- 
ing information, user verification, error 
correction and other radio control func- 
tions. Channels of data, including voice 
data, are prepared to be passed on to their 


appropriate applications. In the case of 


voice operation, data pass on to the 
vocoder. 


For voice transmissions, the yocoder 
converts analog voice information into a 
Stream of digital data that can then be 
transmitted on the established data chan- 
nels. On the receiving end, the reverse 
process is carried out. Many types of 
vocoders are available today, each with 
good and bad attributes. For two-way land 
mobile communications, some of the de- 
sirable characteristics are: 
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On a voice channel, the resulting intel- 
ligibility is of key importance. 

As in analog systems, power output and 
receiver sensitivity are important mea- 
surements of digital radio performance. 
How power output is measured depends 
on the type of digital system being mea- 
sured. For an FM system such as an 
APCO Project 25-compliant system using 
C4FM modulation, the measurement is 
identical to that for an analog FM system. 
In the case of TDMA systems such as 
iDEN*. where the transmitter is pulsed on 
and off. a more complicated method that 
takes into account the duty cycle must be 
used. 

Measuring receiver sensitivity is more 
difficult. A common method of measur- 
ing sensitivity in a digital data system is 
the bit-error rate (BER), This measure- 
ment compares a known transmitted pat- 
tern with the received data stream and 
expresses the result as a percentage of the 
bits in error. 

The problem with using BER to indi- 
cate receiver sensitivity is that its effect 
on radio voice performance depends, to a 
great extent, on where in the radio layers 
the measurement was taken, For instance, 
a single bit error that results in the loss of 
synchronization could result in a series of 
incorrect bits being sent to the vocoder. 
How well the vocoder reacts to this series 
of incorrect bits determines the effect of 
this single bit error on intelligibility. On 
the other hand, various levels of error cor- 
rection may be used before data are sent to 
the vocoder. This would correct for a 
single over-the-air bit error and, therefore, 
would have absolutely no effect on voice 
quality. Measuring only the over-the-air 
BER before framing. error correction and 
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cause this bit pattern is known, observing 
it at the receiver and comparing it to the 
expected result yields a BER measure- 
ment. The reference level has been set at 
a 5% BER. Sensitivity of these digital 
radios is expressed as the test signal level 
that results in a 5% BER. 


*iDEN is a trademark of Motorola. 
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Figure 2. Voice signal path through a typical digital radio. Analog voice is digitized in the 
vocoder before being passed through a number of digital processes. The modulator converts 
the signal to an analog over-the-air signal, The reverse occurs in the receiver. The point where 
BER is measured affects what BER level is acceptable. 


A test signal for a silent tone has also 
been established for these same radios. 
This signal allows hum and noise mea- 
surements to be made in a manner similar 
to analog radios. The silent tone delivers 
a series of bits, which when delivered to 
the specified vocoder, produces silence. 
The test tone signal is used by the radio to 
produce an audio reference level. The sig- 
nal is then replaced with the silence tone, 


enabling hum and noise measurements to 
be made. 

Interference testing of APCO Project 
25-compliant radios follows the same pat- 
tern. In this case, the standard test tone 
signal is used to set the reference sensi- 
tivity level, The desired signal level is 
then increased by 3dB. An interfering sig- 
nal on the adjacent channel is then added. 
This signal is a C4FM-modulated signal 


that has a bit pattern consisting of a speci- 
fied, repeating pseudo-random sequence. 
The level of this signal is then increased 
until the reference BER increases back to 
5%. This process is similar in nature to 
the familiar analog FM measurement. 

Also, as with analog FM, several addi- 
tional laboratory tests ensure acceptable 
radio performance within the digital sys- 
tem. Tests such as attack time, adjacent 
channel splatter and timing accuracy tend 
to be complex. These tests are gencrally 
more suited for the laboratory or, possi- 
bly, a production setting, 


New test equipment requirements 

The new digital radio systems pose new 
requirements both for laboratory and field 
testing. Test equipment that supports 
maintenance of radios used in the new 
emerging systems must contain modula- 
tors and demodulators capable of generat- 
ing and receiving the specialized physical 
signals each system requires. Each sys- 
tem has unique, exclusive framing and er- 
ror correction methods. In addition, each 
system has its own type of vocoder and 
they are gencrally incompatible. To make 
testing matters worse, these digital sys- 
tems lend themselves well to encryption. 
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Because the voice message is already con- 
verted to digital form, it is a natural 
extension to add digital encryption: how- 
ever, it produces yet another compatibil- 
ity challenge for test equipment and 
radios. 

To keep field equipment portable and 
reasonably priced, a distinction must be 
made between field and laboratory mea- 
surements. The interference measurements 
described for both analog and digital sys- 


tems are typically laboratory measure- 
ments because of their complexity and the 
requirement for specialized equipment. 
The more basic types of power and sensi- 
tivity measurements are useful in the field. 
Because many of the digital radios also 
operate in the analog mode. the field test 
equipment must also be capable of per- 
forming the traditional analog FM 
measurements. 

A communications analyzer used in the 
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field to maintain digital radio equipment 
should be able to accurately measure 
power output. For APCO Project 25- 
compliant radios using C4FM modula- 
lion, a standard wattmeter used to mea- 
sure power in analog FM systems should 
be adequate. For other digital systems, 
more complex power meters may be nec- 
essary. In TDMA systems, the wattmeter 
must be capable of handling the pulsed 
nature of the transmitter. 

Measuring receiver sensitivity requires 
the generation of a specialized test signal. 
This signal must have physical character- 
istics matching the system being tested. 
Additionally, depending on the system 
and test method being used, the correct 
framing, error correction and voice or data 
bits must be included. The ability to gen- 
crate other test signals, such as the si- 
lence pattern and the interfering signal 
pattern specified in the C4FM digital ra- 
dio standard, may also be useful. 

One traditional test, commonly used for 
maintaining most analog radios, is a talk- 
and-listen test. The ability to pick up a 
microphone and hear your voice come out 
of the radio under test goes a long way in 
gaining confidence that the radio is work- 
ing properly, Because the digital radios 
use a vocoder, special capability must be 
added to allow this test. The test equip- 
ment could be made to store voice data 
transmitted to it by a working transmitter 
and then retransmit this data to the re- 
ceiver under test. If the test is unsuccess- 
ful. some uncertainty is left as to whether 
the receiver or transmitter was at fault. A 
more complete way of performing the test 
would be to include a complete vocoder 
within the test equipment itself. 


Looking ahead 

The new digital radios definitely create 
a new challenge to field testing and main- 
tenance. Along with the usual analog mea- 
surements, new methods must be used to 
perform basic tests in the digital mode. In 
the case of APCO Project 25-compliant 
radios, the test methods are well-developed 
in the C4FM performance recommenda- 
tion and measurement methods documents. 

Many of these tests are familiar to those 
who have tested analog. Field test equip- 
ment capable of generating and receiving 
these specialized signals can help to make 
maintenance of these new radios more 
productive and efficient. 


References 
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From the forge of world-wide competition 
comes the new Hustler Spirit series of 
vertical antennas. 

Designed to win the race to provide the 
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COED 


Beyond your Expectations 
One Newtronies Place 


Mineral Wells, Texas 76067 
1-800-949-9490 © (817) 325-1386 


YES, I'm interested in the new Spirif. 
Please send me your latest Professional 
Products catalog. 

Nanie 

Company — 


Address 


City State Zip 


Switching vs. linear 
power supplies 


Have you heard the latest about switching power supplies? The newest designs 
offer persuasive advantages compared with linear power supply technology. 


By Paul Watkin 


Power supplies serve extensive wireless 
communications applications. Basic dis- 
tinctions between linear and switching 
power supplies make a difference, depend- 
ing on the specific application. Each type 
has its own advantages and disadvantages. 


Transformers 

Power supplies contain two main cir- 
cuits: a primary side and a secondary side. 
The primary side connects to the power 
source, and the secondary side connects 
to the load. The interface between the two 
main circuits is the heart of the supply: 
the transformer. 

Transformers convert the voltage avail- 
able on the primary side to the required 
voltage level on the secondary side. En- 
ergy transfers from the primary side to 
the secondary by the continuous building 
up and collapsing of a magnetic field. 
Alternating current passing through the 
primary winding generates this field. The 
transfer of energy. from the primary to 
the secondary, takes place during the 
build-up and collapse phase of the mag- 
netic field. This electromagnetic energy 
gets picked up by the secondary winding 
to generate the required voltage on the 
secondary side. 

The voltage generated on the second- 
ary side is generally proportional to the 
ratio of number of wire turns between the 
primary and the secondary windings. A 
transformer is normally made of a 
primary winding of copper wire, which is 
isolated from a secondary winding, and a 
core, which is made from a ferrous mate- 
rial such as iron or ferrite. Design and 
construction of a transformer requires 
consideration of such things as input and 


Watkin manages product development for ICT, 
Surrey, British Columbia, Canada. 


Contemporary switching power supplies offer 
advantages in light weight and size, coupled 
with improvements in noise control, and reli- 
ability. Photo courtesy of ICT. 


output current, voltage, core cross-sec- 
tional area and materials, insulation ma- 
terials and methods, physical size and 
style, and temperature rise caused by core 
and wire losses. A transformer that has 
not been designed correctly may have less 
efficiency and may be electrically unsafe. 

The basic technology behind switching 
transformers is: As the rate of change of 
the magnetic field increases in the trans- 
former (i.e., increase in switch frequency), 
the transformer can be made smaller with 
smaller cores and wires to produce the 
same output power, Lighter core materials 
such as ferrite can be used instead of lami- 
nated iron. The resulting transformer as- 
sembly becomes much smaller and lighter 
than its linear counterpart. 


Linear supplies: basic theory 

The incoming ac voltage is stepped 
down to a lower ac voltage. For example. 
120Vac is stepped down to 24Vac. The 
24Vac is then rectified through a full- 
wave bridge rectifier, usually with a high- 
current, low-voltage bridge. A filter ca- 
pacilor is used to maintain a constant de 
level with minimum ripple. 

The output voltage is controlled by a 
power transistor Operating in its linear 
region. It acts as a variable resistor in 
series with the load. The power transistor 
receives its control from a circuit that 
senses output voltage. The control circuit 


modifies the transistor bias to maintain a 
constant voltage output, regardless of 
changes in the load current. 


Switching supplies: basic theory 

The incoming ac voltage is rectified 
and filtered to produce a high-voltage de. 
A low-current, high-voltage bridge recti- 
fier (that may not require a heat sink) can 
be used, as opposed to the linear bridge. 

A power transistor—a metal-oxide 
semiconductor field-effect transistor 
(MOSFET)—is connected in series with 
the transformer, The MOSFET serves as 
an on-off switch and switches at a preset 
frequency. While the MOSFET is switch- 
ing. the magnetic field in the transformer 
is building and collapsing. allowing en- 
ergy to transfer to the secondary side. 

The magnetic energy received by the 
secondary windings of the transformer is 
then full-wave-rectified and reconstructed 
into the proper de level. A sample of 
parameters (Vou Toa. ete.) can be sent 
back to the primary side to serve as input 
to the pulse-width modulator (PWM). The 
PWM circuit modifies the length of time 
that the MOSFET is switched “on” in or- 
der to maintain output regulation. For ex- 
ample, in a switching power supply pro- 
ducing 12Vde and powering a 3A load, an 
increase in the load to 4A causes the out- 
put voltage to drop slightly. The feedback 
circuit detects the voltage drop and passes 
it to the PWM, which turns the MOSFET 
on for a longer period (i.e., it increases 
the duty cycle), causing more magnetic 
energy to transfer to the secondary side 
until the output voltage reaches its prede- 
termined value. 


Switching frequency 

Frequency for a switching power 
supply usually ranges between 30kKHz and 
I50kHz, but it can be much higher. Fre- 
quency for linear power supplies is the 
same as the line frequency (60Hz in North 
America), Switching frequency selection 
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October 2, 1996. 


Bob Jensen had 
a fire at his mobile 


radio repair shop. 


He had only a 
few seconds to 
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other experts about the HP 8920A and find out how you can get a 
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he PassPorT nrs from 
Trident Micro Systems is a 
build-as-you-go infrastructure 
for analog and digital radio 
system needs. This digital 
cross connect switch 
provides maximum 
user Capacity. 
The PASSPORT NTS js a 
sophisticated wireless 
system with a ready 
migration path to 


depends on the application for which the 
power supply is designed. Because high 
frequency switching occurs at f,. har- 
monics are generated at 3f,. Sf,. 7fo.... 
The selection of the frequency has to be 
such that none of these harmonics will 
interfere with the load. With power sup- 
plics for two-way radios, for example. 
the switching frequency should be se- 
lected so as not to interfere with VHF, 
UHF or the intermediate frequencies (IF) 


used in the radios. 


Advantages and disadvantages 

pm Linear — One advantage of linear 
power supplies may be familiarty, be- 
cuuse they have been available for many 
yeurs. They are known to be relatively 
noise-free and reasonably reliable. They 
ure generally casy to design and fairly 
inexpensive to manufacture. 

Because of the large transformers re- 
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quired, linear power supplies are gener- 
ally heavy. which may be either an ad- 
vantage or a disadvantage, depending on 
ihe need to balance weight distribution in 
a given application, As a general rule of 
thumb, a 16V-output linear power supply 
weighs about one pound per ampere. A 
possible disadvantage of linear power 
supplies relates to the power transistor 
used to regulate the load. Because the 
power transistor operates in its lincar re- 
gion, and all the output current must pass 
through it, it requires large heat sinks to 
dissipate energy loss. (Recall that the 
power transistor is in senes with the load 
and acts as a variable resistor.) Except in 
rare instances where heat is wanted to 
warm interior space, the inefficiency of 
linear power supplies—50%—has to be 
considered a disadvantage. 

p Switching power supplies — Al- 
though switching power supplies have been 
available for a number of years, higher pro- 
duction costs, compared to linear power 
supplies, have limited their use in some 
applications, Early switching power sup- 
plies used discrete components to control 
pulse width. and transistors instead of 
MOSFETs as main switch components. As 
a result, the disadvantages of switching 
power supplies once included uneven reli- 
ability and radiated EMI (electrical noise). 
Although they were known to be noisy, 
unreliable and difficult to mass produce, 
switching power supplies had the advantage 
of being lighter and smaller than their linear 
counterparts. In the last few years, big im- 
provements in PWM and MOSFET design 
have been made. Today, when all design 
considerations have been taken into ac- 
count, switching power supplies are highly 
reliable and virtually noise-free. Production 
costs have come down because application- 
specific components are being designed for 
use in switching power supplies. 

Switching power supplics are about 
80% -90% efficient. Higher efficiency 
usually is an advantage, because heat 
normally is considered to be wasted en- 
ergy (at the least) and potentially damag- 
ing to nearby electronic components. 


Conclusion 

Switching power supplies are gaining in 
popularity mostly because of their smaller 
size and lighter weight. Reliability and 
noise characteristics are becoming less- 
iund-less of an issue as customers learn 
about the latest product developments, 
When assessing efficiency, size and cost 
of shipping, one has to consider the alter- 
native to a linear power supply: the switch- 


ing power supply 


PolyPhaser Corporation 
designs quality lightning protection 
and grounding solution products to 
safeguard today’s sophisticated 
communications equipment. 
Setting the standards 
for the lightning 
protection industry, *” a 
PolyPhaser believes in 
providing products which 
far exceed customer requirements. 
Contact PolyPhaser today 
for information about their 
more than 2,500 models 
of protectors for coax, 
twisted pair and power. 
Also, ask about their new line of 


microwave filter products. 
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Battery technology 
for portable applications 


Battery design considerations such as capacity, chemistry selection, weight 
and energy density are driven by the requirements of equipment 
manufacturers whose devices will be powered by the portable power supply. 


by Danny Amato and Al Crisafulli 


As technology advances, the power re- 
quirements of portable electronic devices 
also change. Because of improvements in 
battery technology, battery cells have 
consistently increased in capacity. Ad- 
vances in integrated chip (IC) chip tech- 
nology reduce the amount of power re- 
quired to operate newer electronic de- 
vices. The result is greater battery capac- 
ity, in smaller packages, at lower cost. 


Challenges in battery pack design 
When designing a portable radio, pager, 
cellphone or some other electronic device 
that requires a portable battery supply, 
manufacturers are faced with the follow- 


Batteries for Motorola GP300 land mobile radio, incorporating flex board technology. Multiplier 
industries photo. 


ing challenges regarding battery selection: 

pm Energy density — A manufacturer 
looks for the most capacity available for 
the specified dimensions of the battery 
pack. As manufacturers continue to de- 
sign smaller and smaller products, the 
demand for a smaller battery ensues. The 
challenge is to provide a battery that de- 
livers maximum power in the smallest 
possible package. 

> Weight — Especially for portable 
communication devices. light weight is 
important. Although new lithium-based 
battery technology reduces weight. it does 
so at considerable cost. A more afford- 
able alternative is to use new IC technol- 
ogy in the design of the device to reduce 
the required operating voltage. Accom- 
plishing this goal makes nickel-cadmium 


(NiCd) and nickel-metal hydride (NiMH) 
battery chemistries more practical. 

p> Cost — A manufacturer needs to 
consider the cost of the battery, always an 
issue, in relation to the cost of the device 
the battery is designed to power, Espe- 
cially with consumer-related products, the 
manufacturer must weigh the costs in- 
volved with new technologies to arrive at 
the most practical solution regarding the 
portable power supply. 


Improvements in battery technology 

Fortunately, developments in technol- 
ogy have allowed battery manufacturers 
to meet the growing demands of the elec- 
tronics industry. For example, lithium ion 
(Li-ion) batteries are popular for cellular 
phones and portable computers because 
of their light weight and capacity to store 
energy. Although cells are expensive, 
lithium technology will continue to in- 
crease in popularity because of the de- 
mand for lighter weight and higher en- 
ergy density. 

The more-common battery chemistries, 
NiCd and NiMH, have advanced as well, 
resulting in greater ability to store energy 
without sacrificing size. Table | below 
illustrates the increase in available capac- 
ity for the typical AA cell during the past 
10 years. As the chart indicates, techno- 
logical advances have resulted in much 
higher battery capacity than that which 


Table 1. Changes in battery capacity for typi- 
cal AA dry cell chemistries, 1987-1997. 


Chemistry Capacity 1987 Capacity 1997 
NiCd 450mAh 1,100mAh 
NiMH Not available 1,300mAh 
Li-ion Not available 2,000mAh 


Amato is senior engineer. and Crisafulli is prod- 
uct manager. for Muluplier Industries, Mount 
Kisco, NY. 
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Based on over 10 years of Switching Technology experience, ICT Power Supplies are unequaled in the industry for continuous, trouble-free 

performance and value. ICT offers the largest selection of Switching Power Supplies in the industry. Over 66 versions are available with out- 

put current ranges from 4 amps to 80 amps. Our low profile, light-weight cases are now setting the standard in desk top designs. Quality 

built throughout, ICT power supplies are virtually noise free and feature fuse protection, current limiting, output diode for batteries, a termi- 

nal block connector, plus extra input and output filtering. ICT also carries one of the largest lines of ruggedly built DC to DC industrial power 

converters. For great service, contact any of our distributors today. Get the power of ICT reliability working for you and your customers, 
Switch 
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was available only 10 years ago. New 
technologies ure consistently being devel- 
oped that will continue to increase the 
current capacity of NiCd and NiMH 
batteries. 

As the power requirements of portable 
electronic devices diminish, and available 
current capacity continues to increase, the 
result is longer operating Ume for the 
electronic device, Therefore. the changes 
in technology allow a battery manufac- 


turer to meet the demand of lower cost 
and smaller size without sacrificing oper- 
ating time. In fact, operating time will 


continue to increase despite the use of 


fewer cells in a smaller pack because of 
higher available current capucity. 

Just as the demand for higher current 
capacity is important, so is the demand 
for smaller size, One factor that has en- 
abled battery size to decrease has been 
the development of new IC chips that are 
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incorporated into the portable electronic 
device. These IC chips can operate with 
power requirements as low as 3V ina 
typical cellular phone. where the require- 
ment was once as high as 5V. By reduc- 
ing the required power levels. the number 
of cells required in a specific battery pack 
decreases. For example. the Nokia 101 
cellular phone battery required six cells 
to deliver the required output voltage of 
7.2V. whereas the new Nokia 636 battery 
requires only four cells to deliver the re- 
quired voltage of 4.8V. 

Because the number of cells required in 
a specific battery pack has decreased. so 
have the overall dimensions of the battery 
pack. In addition, the overall cost of the 
battery pack has decreased as a result of 
fewer cells being used in the pack. There- 
fore, using more-common battery chem- 
istries. the cost of producing a portable 
power supply continues to decrease along 
with the power requirements of the elec- 
tronic device. 

Another method used by battery manu- 
facturers to reduce size is to incorporate 
flex board (flexible printed circuit board) 
technology into their battery packs. A flex 
board takes the place of wires. weld tabs 
or other means of interconnect using 
surface-mount technology (SMT) compo- 
nents, which also provide a decrease in 
size. Flex boards provide an interconnect 
path within the cell pack, with an average 
thickness of only 0.005". Although flex 
beard technology does not supply any 
critical advantage over conventional wir- 
ing in terms of connectivity, the technol- 
ogy does offer a size-and-space advantage. 


Battery pack design factors 

The key challenge for the equipment 
designer and manufacturer is to reduce the 
size and weight of the electronic device 
without sacrificing features or productiv- 
ity. The battery manufacturer must, in 
turn. design and build a battery to comple- 
ment the device. Keep two questions in 
mind: 

1. What are the minimum and maxi- 
mum output voltages required to power 
the device? 

2. What is the required operating time 
necessary to power the device? 

These two questions drive battery de- 
signers to consistently improve their prod- 
ucts. The result has been some of the tech- 
nological advances already discussed. 

It is safe to say that future applications 
will continue to demand higher battery 
performance, lighter weight and longer 
run time. Prices of battery packs will con- 
linue to drop as fewer cells are required 
to deliver the voltage necessary to power 
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new clectronic devices. Battery capacity 
will continue to improve with the advent 
of new chemistries and with improve- 
ments to established chemistries. How- 
ever, the important point is that although 
cell manufacturers are constantly focus- 
ing their efforts on improving their tech- 
nologies, they typically react to the de- 
mands of manufacturers of electronic 
devices. Improvements in technology will 
always be driven by the manufacturer of 
the cellular phone, the land mobile radio, 


the pager or the portable computer. 
When designing an electronic device 
that requires a portable power supply, or 
when evaluating a potential vendor for 
batteries, consider the following: 


‘4 The experience and reputation of a 
battery manufacturer is extremely impor- 
tant. Any company seeking a partner in a 
battery venture should feel comfortable 
with the capabilities of their battery 
manufacturer. 


Attention SP50, SM120, and Radius M1225 users! 
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J The technical abilities of the battery 
manufacturer can be a tremendous asset 
when designing and developing a new 
battery pack. A battery manufacturer with 
a strong technical ability can offer valu- 
able input regarding design und compo- 
nent selection, 

JA battery manufacturer should offer 
impeccuble engineering support lo its 
Customers, 

4 Consistency of product quality is a 
critical issue for a manufacturer of batter- 
ics. Look for a low product return rate, 
and evaluate sample products for quality 
of construction. 

J Many battery manufacturers main- 
tain a documented quality plan. This can 
be an excellent tool to use when evaluat- 
ing potential battery vendors to determine 


Improvements in 
technology will always be 
driven by the manufacturer 
of the cellular phone, the 

land mobile radio, the 
pager or the portable 
computer. 


the steps taken by the vendor to ensure 
the quality of their products. 

4 The cost of the product is an impor- 
tant issue, but it is critical not to sacrifice 
quality over price, Bear in mind that the 
battery can be the most critical compo- 
nent of the product. A battery that deliv- 
ers below-par performance can result in 
customer dissatisfaction and a decrease 
in use of the product for which the battery 
is designed. 


Summary 

Although requirements such as size. 
chemistry and cost affect battery applica- 
tions, the most important factor to con- 
sider is the ability to manufacture a prod- 
uct of the necessary quality. A battery 
manufacturer should possess a thorough 
working knowledge of battery technology, 
the ability to provide valuable input re- 
garding design and construction and the 
facilities and workers necessary to build 


the specified product. 
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An overview of spectrum 
auctions: The Devil’s due 


Selective application of auction authority to the land mobile community 
raises serious questions about the legal extent of that authority and the 


by Robert H. Schwaninger Jr. 


Over the past six months, the Pederal 
Communications Commission (FCC) has: 


(J announced its plans to auction li- 
censes for “white space” (areas outside 
the service contours of already-licensed 
trunked systems) for 220MHz-222MHz. 

(4 adopted rules for refarming private 
radio spectrum. 


‘J adopted rules for auction of most of 


the paging spectrum. 

iJ completed auctions for much of the 
PCS spectrum. 

9 picked up some small change on auc- 
tions of unserved cellular areas and wire- 
less communications services (WCS). 


The agency is also toying with rules to 
auction additional spectrum that might be- 
come available from the federal inventory. 


Meanwhile, the National Association of 


Broadcasters (NAB) ts still using refer- 
ences to the First Amendment to forestall 
any auction of broadcast spectrum: Craig 
McCaw is set to cut a deal to obtain valu- 
able “free” satellite spectrum in the 
Teledesic deal that includes a 400MHz 
allocation to a single company. Assocti- 
ated Communications: Internet providers 
are posting record revenues borne trom 
too much demand for services; and manu- 
facturers are readying themselves for a 


boom in sales brought by the delivery of 


the new services and technologies that 
come to the fore daily. 

It may be my imagination, but does it 
appear to anyone else that the land mo- 
bile community of our industry is taking 
it in the shorts? Does it also appear to 


Schwaninger, MRT’s regulatory consultant, is a 
partner in the law firm of Brown and 
Schwaninger, Washington, DC. He is a member 
of the Radio Club of Americi. 


motivations for its use. 


you that the FCC cannot seem to switch 
its focus to other market segments to col- 
lect its tribute, giving the land mobile 
community a much needed breather? 

Do you feel like screaming. “Enough, 
already!""? 


Why just land mobile? 

In the parlance of law, the term ~“selec- 
tive enforcement” is used to negate gov- 
ernmental policies that are not meted out 


The FCC's use of its 
auction authority is 
employed almost 
exclusively for denying 
revenue to a Single 
segment of our industry: 

land mobile carriers. 


in an even-handed fashion. If a traffic cop 
gives tickets only to people driving red. 
but not blue. cars. then the cop’s actions 
are nullified by courts. which will not 
countenance this type of behavior. An- 
other example would be the FCC's use of 
its new auction authority almost exclu- 
sively for denying revenue to a single 
segment of our industry: land mobile car- 
riers. These red cars are paying the tolls, 
getting the tickets, being subjected to new 
laws and being hauled into court with 
impunity by the FCC, while the blue se- 
duns of wireline, satellite, cable TV and 
other segments of our industry are hap- 
pily cruising down the road. 

Consider the ramifications of the 1996 
Telecom Act, which allows regional Bell 
operating companies (RBOCs) and local 
exchange carriers (LECs) to go head-to- 


head in their markets. Some hail this 
statutory right to compete as a step lo- 
ward greater use of competition in the 
marketplace. and good for consumers. But 
if the FCC ts not using its auction author- 
ity. selectively, then where's the auction? 

There is no real difference between use 
of spectrum and use of other means of 
communications, such as wireline or 
cable. Each is fully regulated and made 
possible only by a grant of authority from 
the agency, So, why not auction the right 
to compete in urenas employing this type 
of communications? Add to that the use 
of microwave channels for backbone sys- 
tems. cuble television's rights-of-way and 
satellite links, AM and FM broadcast 
channels, use of Global Positioning Sys- 
tem (GPS) satellite communications, sat- 
ellite “slots.” old local area network 
(LAN) channels and mere. None of these 
telecommunications services is facing a 
serious threat from the FCC's auction 
authority. 

As long as I am spouting heresy here, | 
might as well go for a double slice of dam- 
nation. How about federal franchises to sell 
equipment. including telephones, cell- 
phones, two-way equipment, microwave 
transmitters. baby monitors. GPS receiv- 
ers. amateur radio sets. cable. broadcast 
receivers. pagers, switches. computers, and 
more? No one can logically argue that each 
sale is not dependent on the use of the 
federal inventory of spectrum that is being 
parceled out and sold in chunks to the land 
mobile community. So why do the equip- 
ment manufacturers get a free pass, while 
the land mobile carrier has to buy the hard- 
ware and buy the use of the spectrum? 

Okay. we've pushed the edge of the en- 
velope of political correctness, so let's keep 
marching on through. Recently, the admin- 
istration announced plans to open global 
markets by allowing greater levels of for- 
eign investment in domestic compunies in 
exchange for reciprocal opportunities for 
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investment in foreign telecommunications 
services. 

Where's the auction? 

Personally. | would love to see an auc- 
tion between British Telecom and Nippon 
Telephone and Telegraph for market en- 
trance rights. We might be able to solve 
the deficit in the course of an afternoon 
and use foreign dollars to do it. (Would 
Sri Lanka be entitled to bidding credits?) 

The point is that there isn’t any auction 


of these extremely valuable. non-land 
mobile rights to compete in the market- 
place, and no one is planning to hold such 
auctions. Imagine the political uproar if 
Motorola had to either bid on the right to 
produce pagers and end-user equipment, 
or else get out of the market. How about 
if MCI won an auction for the right to 
provide long-distance service that kept 
AT&T from expanding its services in the 
St. Louis basic trading area (BTA)? Or. 
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what would happen if Digital and [BM 
were going head-to-head to obtain the 
right to produce new computing equip- 
ment? The halls of Congress would be so 
filled with lobbyists. the scene would re- 
semble the Russian Revolution. 

FCC Chairman Reed Hundt’s plan is 
disingenuous in the extreme when one 
views the totality of the marketplace. In- 
stead of moving the political agenda to- 
ward a new world of auctions, he has cho- 
sen only a small segment of the entire 
industry, specifically designed to be the 
most politically palatable to lawmakers. 
The land mobile community is quite di- 
verse. and it comprises many smaller 
companies that are not wealthy enough to 
shake the halls of Congress. The spec- 
trum used for land mobile is, by and large, 
logically licensed. and a blueprint of 
white space is easily (though often incor- 
rectly) determined for the purpose of sale. 

The political rhetoric is also skewed 
toward selective use of the FCC’s auction 
authority. Lawmakers refer to the “public 
resource” of the nation’s airwaves, but 
they give a free easement across those air- 
waves to the majority of the carriers. 
None of this wrangling focuses on rights- 
of-way, like those used for burying cable 
or construction of telephone poles, but 
there is no doubt that these activities also 
consume public resources. The precious 
airwaves are only seen as auction fodder 
when used by a specific class of carrier: 
land mobile companies. 

Further lost in the planned agenda of 
auctions is the effect of being the first 
victims of the FCC's efforts. By subject- 
ing land mobile carriers to the first auc- 
tions, during a period where spectrum is 
still viewed as “scarce” (a modifier that is 
quickly losing its cachet), the prices paid 
at auction are higher than those that will 
be visited upon the telecommunications 
industry for other uses of spectrum 
blocks. By the time the FCC and Con- 
gress get around to selling microwave 
rights. the companies participating will be 
paying pennies compared to the cost of 
Starting a personal communications ser- 
vices (PCS) company. 


Getting here 

Is all of this auction activity and the 
timing of each new “gavel-a-thon” an ac- 
cident? Yes—and no. When auction au- 
thority was provided to the FCC, Con- 
gress had decided that the federal govern- 
ment had more spectrum than it needed 
and was looking for a way to choose 
among competing commercial companies 
to use the spectrum. At the same time, 
PCS. the “next-generation cellular sys- 
tems.” were ready for market, with a lot 
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of well-heeled companies ready to jump 
into the fray, even if they had to pay 
dearly for that leap. Speculation was 
rampant, and administralive costs ran 
high to process “lottery ticket” applica- 
tions such as those received by the thou- 
sands for rural service area (RSA) cellu- 
lar licenses. The same political party con- 
trolled Congress and the Presidency, so 
the money raised would lower the U.S. 
deficit during their tenure, and they would 
reap the political benefits. The antitrust 
lawyer who assumed the chairmanship of 
the FCC viewed the telecommunications 
market as a single, amorphous conduit, 
without true segmentation for the purpose 
of ever finding market domination by any 
one entity. Competition was defined as an 
activity that goes on only among the larg- 
est, deserving entities. 

The test laboratory for the FCC’s new 
authority was decidedly small. The first 
auction was for interactive video data 
services (IVDS), which were to be a 
strange hybrid of home shopping and 
LAN use. With much ballyhoo, the FCC 
held its first auction, testing its systems 
and theories on something smaller than 
wideband PCS. 

The result was a disaster. 


The auction was over-hyped and 
over-sold, it was more circus than busi- 
ness, and Hundt looked more like a barker 
than a bureaucrat. More than 400 suckers 
were fleeced that day, many of them later 


The FCC has spent way 
too much time looking at 
curve balls. 


to default on payments for licenses that 
are worth less with each passing day be- 
cause equipment to serve the market is 
unavailable. Fortunately for the FCC, the 
total effect of its bamboozling of the 
IVDS auction participants was not fully 
recognized until lately, and the agency is 
justifying its actions by balancing its later 
successes against its former failure. 
Like a ball player who gets another tum 
at bat, the FCC stepped up to the plate with 
PCS wideband licenses and opened the 
bidding for some of the largest players in 
the market. Calmly, the businesslike atmo- 
sphere of the next auction proceeded until 
commitments for more than $7 billion were 
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earmarked for the U.S. Treasury. Hundt 
took his bows for the first PCS auctions 
and announced that “FCC” now stood for 
the “federal cash cow.’ Congress was im- 
pressed, the administration was impressed, 
and every person involved in creating auc- 
tion authority felt vindicated. 

Although the FCC “hit it out of the 
park” with the first PCS auctions, its 
record for the remainder of the present 
auction agenda has not qualified it for the 
federal agencies’ Hall of Fame. The 
agency is a straight-pull-hitter, socking 
the ball to only one side of the field: the 
land mobile side of the diamond. The FCC 
has spent way too much time looking at 
curve balls, like 800MHz and 220MHz 
SMRs, usually whiffing badly. It has 
pounded one to the warning track in the 
PCS C-block auctions, but the number of 
likely defaults caused that one to be 
snared before going over the wall— 
impressive, but a long out. It has rapped 
out a few hits at 900MHz specialized 
mobile radio (SMR) and narrowband PCS, 
but without any distinction. In the cellu- 
lar unserved areas, it bunted. 


Unsolved Problems 
Meanwhile, the agency is still wrestling 
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with a number of problems, not the least 
of which is how to ensure that a game 
requiring substantial risk and investment 
from participants is open to smaller busi- 
nesses. The FCC has tried bidding cred- 
its, allowing consortia, spectrum caps, 
installment payments and entrepreneur 
blocks. Still, its efforts have not truly 
opened the field. The FCC still has not 
figured out that it has the authority, under 
Sections 257 and 309 of the Telecommu- 
nications Act, to simply refrain from try- 
ing to force small business to participate 
in auctions and to employ other licensing 
methods, Instead, it trots out its meager 
victories in involving smaller companies 
and cites generalized statistics that mask 
the agency’s failure. The agency even has 
the chutzpah to claim that the PCS C- 
block auction winners were small busi- 
nesses. NextWave’s bid, exceeding $4 
billion, belies thar characterization. 

The fact is that small businesses, by and 
large, cannot afford to play in the auctions 
and afford to buy the equipment necessary 
to build the systems. To them, it is an 
either-or situation. Nothing the FCC has 
legislated to date will change that reality. 
Still, like a Cadillac dealer located next to 
a trailer park, the FCC still claims that with 


the right financing package each family in 
the park can afford the rent on their park- 
ing pad, the payment on the double-wide 
and the cost of a new Coupe DeVille. 
The FCC’s attempt to oversell small 


AA NEI 
Another issue that is 
beginning to cause greater 


problems for the FCC is 
‘spectrum warehousing.’ 


business is obvious when you review the 
costs paid by the small businesses that 
have participated in auction. Small busi- 
ness pays more for spectrum than large 
business, even after all of the credits, time 
payments and the like are taken into consid- 
eration. The effects of the FCC's actions 
have created a disincentive for small busi- 
ness growth, despite alleged best efforts. 


Mothballed megahertz 
Another issue that is beginning to cause 
greater problems for the FCC is “spec- 


trum warehousing.” While the FCC con- 
tinues to put bigger blocks of spectrum on 
the auction block, the issue of when (and 
if) the winners will put that spectrum to 
use anses. For example, does a PCS op- 
erator with 30MHz of spectrum need ail 
of it to provide service to the public? 
Probably not, at least for the foreseeable 
future. So, does the agency have the re- 
sponsibility to limit the size of the alloca- 
tions or to adopt rules to assure the 
spectrum’s future use? Many people who 
have witnessed the high-definition televi- 
sion (HDTV) mess have begun to adopt a 
“use it or lose it” attitude that is gaining 
momentum. The FCC is ducking this 
question by claiming that winners have 
an “economic incentive” to use that for 
which they have paid. 

Reasonable persons may differ with 
this rosy view. 


Droit du seigneur 

A huge, looming issue is the extent of 
the FCC’s authority in employing auc- 
tions. As the agency has moved to auction 
“white space,” the language of Section 
309 of the Telecommunications Act has 
become ripe for judicial interpretation. 
The language of the Act says that the FCC 
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is to use auction authority as a remedy to 
decide among mutually exclusive applica- 
tions. The Act does not suggest that the 
agency has the right to cause the mutual 
exclusivity first (i.e.. by announcing a bid- 
ding war) for the purpose of employing the 
remedy. The agency's obvious boot- 
strapping of its auction authority is likely 
to come under fire, and the courts will 
decide if the FCC has the broad authority 
that it has claimed, unchallenged, to date. 


Procedures 

So far, the FCC's processes are obvi- 
ously intended to wring the last dollar out 
of the bidders. Simultaneous, multimarket, 
multichannel, multimillion-dollar bidding 
procedures make participation expensive, 
These procedures invite speculation, bid 
parking and a host of ills that do not result 
in awarding licenses to sincere participants 
that desire to deliver a specific service 
within a specific market. 

Finally, there are charges that the 
agency uses auctions solely for the pur- 
pose of raising revenue, and that this 
motivation controls decisions regarding 
when, where and how to hold an auction. 
The FCC was directed by Congress, 
within the specific language of the Tele- 
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communications Act, nof to use revenue 
collection as its primary motivation in 
creating and administering auctions. Few 
could seriously say that the “federal cash 
cow” has not either ignored or failed to 


The FCC's greatest abuse 
of its auction authority is 
still selectivity. 


take this statutory admonition seriously. 


Progress and problems to date 

The short history of the PCC’s use of 
its auction authority has been a checkered 
one. The agency’s authority has netted 
some positive effects for the industry and 
the American public, but the greater num- 
ber of examples demonstrate the agency's 
inability to employ that authority in a 
manner that produces the effects visual- 
ized by Congress. The federal lawmakers 
wanted money to be raised, but not at the 
expense of small business opportunity. 


Congress wanted a returm on its invest- 
ment in regulating telecommunications, 
but the agency has limited that return by 
including only land mobile operators in 
the universe of auction participants. 

The Chairman has flip-flopped on auc- 
tion of broadcast spectrum, adding to the 
confusion; has ignored the issue of ware- 
housing (or declared that it is not really 
so bad); has been willing to disrupt whole 
market segments simply to enjoy another 
auction; and has yet to articulate a realis- 
lic approach to rural telephone companies, 
small business, minority participation, 
manufacturers, private radio licensees, 
incumbent carriers or foreign involve- 
ment. Undeterred, the FCC has plunged 
forward into the icy auction waters, hold- 
ing its breath and hoping the financial 
bottom is deep enough to forestall stricter 
guidelines from Congress. 

The FCC’s greatest abuse of its auction 
authority is still the first one discussed— 
selectivity. The industry might take the 
FCC more senously if a bid had been let 
for the right to provide the |-900 service 
for conducting auctions. At least that 
would have demonstrated some faimess, 
which is sorely needed. 
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Technically speaking 


(continued from page 8) 


Table 1. How site noise affects line loss and the use of a tower-top amplifier. 
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line loss of OdB is 20.3dB (line 9). The 
overall system noise figure for 6dB line 
loss only increases by 0.9dB. Thus, with 
high site noise, the line loss is less sig- 
nificant than where site noise is low. 
Lines 12-15 illustrate the effect of a 
tower-top preamplifier at a site where the 


ambient noise level is at an absolute mini- 
mum. On line 12, no preamplifier is used. 
and the overall system noise figure is 
9.5dB for a line loss of OdB. On line 13. 
a preamplifier is used (line loss still OdB). 
and the system noise figure is reduced to 
4.2dB. This represents an improvement 


of 5.3dB in the system noise figure—a 
significant improvement. On line 14, the 
line loss is increased to 3dB and with the 
preamplifier in place, the system noise 
figure only increases by 0.4dB. Thus, the 
preamplifier does an excellent job in im- 
proving the system performance in the 
presence of low site noise. Even with a 
6dB line loss (line 15), the system noise 
figure is only 5.3dB. 

Lines 16-19 show how a preamplifier 
affects system performance in moderate 
site noise levels. With a 10dB antenna 
noise figure and OdB line loss, the system 
noise figure is 12.3dB without the pream- 
plifier. With the preamplifier in line, the 
system noise figure is improved by only 
2dB (line 17). If the line loss is increased 
by 3dB (line 18), the system noise figure 
only increases by 0.1dB, 

Lines 20-22 show how system perfor- 
mance is affected by a preamplifier in a 
high site noise environment. On line 20, 
the preamplifier is not in line. and with 
OdB line loss, the system noise figure is 
20.3dB. If the line loss is increased to 
3dB and still no preamplifier is in line, 
the system noise figure is 20.6dB. Line 
loss has little effect. On line 22, the 
preamplifier is inserted in line, and with 
3dB line loss the system noise figure is 
20.0dB, This represents an improvement 
of only 0,6dB compared to line 21, where 
the preamplifier was not in line. From 
this, it is obvious that a preamplifier is of 
little value at communication sites where 
the ambient noise level is quite high. 

It is also apparent that in high ambient 
site noise, small line losses have little 
effect on the overall system performance. 
This would include insertion losses of cavity 
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ANTENNA NOISE FIGURE VS. SYSTEM NOISE FIGURE FOR A LINE LOSS 
OF 1.5dB AND RECEIVER SENSITIVITIES OF 0.25nV and 0.5nV SINAD SENSITIVITY 
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SYSTEM NOISE FIGURE (dB) 


ANTENNA EQUIVALENT NOISE FIGURE (dB) 


Figure 4, Plot of a receiver with a sensitivity of 0.25mV (red), compared to the plot of a receiver 


with a sensitivity of 0.5pV (blue). 


filters and other insertion losses as well. 


The isotee test 

Suppose you perform an on-site test 
with the isotee to discover just how much 
site noise is degrading your receiving 
system. Suppose that you measure a deg- 
radation of 20dB with the antenna con- 
nected vs. the dummy load. Study the 
graph in Figure 4 above. This graph is for 
a receive system with a line loss of 1.5dB. 
The blue graph represents a receiver with 
a 12dB SINAD sensitivity of 0.5pV, and 
the red graph represents a receiver with a 
12dB SINAD sensitivity of 0.25pV. 

Now, if our isotee measurement were 
to indicate a degradation of 20dB with the 
antenna connected, the system noise fig- 
ure would have been degraded by 20dB. 
Add the 20dB to the point of the vertical 
scale where the red graph intersects. Thus, 
20dB plus 11dB = 31dB. Move up to 31dB 
on the vertical scale and over to the red 
graph and down to the horizontal scale, 
and we find the antenna has an equivalent 
noise figure of 31dB. If the external noise 
is reduced by 20dB so that the equivalent 
antenna noise figure is 11dB, then the 
overall system noise figure will increase 
less than 3dB. Move down the horizontal 
scale from 31dB to 11dB, up to the red 
graph and over to the vertical scale to 
about 13.5dB for the new system noise 
figure. Suppression of the noise much 


below this level will little 


improvement. 


yield 


Summary 

Remember, site noise from several 
sources adds as the roof-sumi-square for 
non-coherent noise voltages. [If a certain 
transmitter is degrading your system, it 
will do no good to suppress that source of 
noise much below the noise level of the 
general noise floor at the site. To be sure 
you are attacking the problem at the cor- 
rect transmitter, observe the difference in 
noise degradation with the suspect trans- 
mitter up and down. 

When the equivalent antenna noise fig- 
ure is high, suppressing the noise level by 
approximately 6dB plus the amount of 
degradation will yield about the best 
improvement. 

Further suppression will be of little 
benefit. 

Until next time—stay tuned! 


References 

Blattenberger. Kirt. TxRx Designer Software 
(RF Workbench 4.0). 

Ont, Henry W,, Noise Reduction Techniques in 
Electronic Systems, 2nd ed., John Wiley & 


Sons, 1988, A, 


TK630 
TK730 
TK830 
TK930/931 
TK840 
TK940/941 


ee 


The Alpha series MCR/TSR remotes and MCP/TSP series termination 
panels allows you to remote control your Kenwood conventional or 
trunking radio over any two wire voice grade circuit. 
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egulating technology 


Taking responsibility for harmful interference 


By Robert H. Schwaninger Jr. 


My conversations with operators around 
the country reveal that incidents of harm- 
ful electrical interference are on the rise. 
Some operators report that they are spend- 
ing two days a week tracking down 
sources of harmful interference and trying 
to clean up the spectrum. Although the 
causes vary somewhat, the question re- 
mains, what is the FCC doing about it? 
The answer is, sadly, bupkis. 

Remember the old days, when the FCC 
at least gave the appearance of wanting to 
help? Old FCC field office records gave 
the impression that a fleet of vans would 
encircle the offender like a pack of sharks, 
DF dorsal fins breaking the sky, and 
pounce upon the interfering facility with 
demands for immediate inspection and 
correction. 

This enforcement was sometimes 


Schwaninger, MRT's regulatory consultant, is a 
partner in the law firm of Brown and 
Schwaninger, Washington, DC, He is a member 
of the Radio Club of America. 
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equipment. And 


The problem is so basic that it gets few 
headlines, and that's the reason why it has 
been allowed to get worse. Today, the FCC 
is “Broadway,” with shows, critics, plots, 
characters and stars. Nobody wants to talk 
about gum under the seats while the actors 
are performing. Rather than keeping order 
so the industry can do its thing on stage, 
the ushers—the regulators—have become 
part of the act. 


Digital masking rules 

This publication has the word “Tech- 
nology” in the title and, judging by the rest 
of the editorial content, the other writers 
are much more qualified than some cheesy 
lawyer to speak on technical issues. But 
speaking on behalf of cheesy lawyers (Our 
meetings require the entire state of Kan- 
sas, where there's plenty of standing 
room.), we sometimes notice things first. 

During the past few years, analog op- 
erators have been complaining about 
adjacent-channel digital systems, that 
broadcast signals with square wave con- 
figurations that are often incompatible 
with adjacent analog operations. The 
square wave overlaps the analog sine 
wave, and the energy pulsed into the adja- 
cent analog wave desensitizes the analog 


receiver, which is attempting to capture 
the entire analog wave. 

When this phenomenon is discovered by 
analog operators and is pointed out to digi- 
tal operators, some of them respond with 


The truth is that it is the 
digital operator's 
problem, particularly in 
view of the FCC rules 
that require operators to 
take reasonable 
precautions to prevent 
harmful interference. 


“Our equipment is operating according to 
specs.” This translates roughly into, “It's 
your problem’—an interesting approach to 
spectrum management. (An approach that 
sometimes is mirrored by the FCC.) 
The truth is that it is the digital 


operator's problem, particularly in view of 


the FCC rules that require operators to take 
reasonable precautions to prevent harmful 
interference. Although operating a digital 
system with type-accepted equipment 
might be a good start in meeting the rules. 
the method of operation is as important as 
the equipment used. Therefore. if an op- 
erator knows that his system is causing 
harmful interference because of a system 
design that includes selecting the location 
and power used for each transmit fre- 
quency within a multichannel digital sys- 
tem, the creator of the problem has the 
burden of finding a solution. 

Most of these situations that were re- 
solved (and many are still ongoing) were 
fixed by the digital operator implementing 
a different frequency use plan or adding 
filtering. In other words, “Good fences 
make good neighbors,” but where this 
problem continues unabated, it can be se- 
verely disrupting to operators and cause 
numerous headaches for customers of the 
analog systems. So what is the better 
answer? 

In Washington, DC, a place where few 
answers are found, one group is gathering 
information for the purpose of proposing 
rules to be adopted by the FCC regarding 
the operation of digital systems adjacent 
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Regulating technology 


to analog systems. The object is to update 
the “masking rules” for digital operations. 
Masking refers to the distribution of radio 
energy within a frequency channel. The 
less energy there is that extends to the 
channel edges, the less likely it is to inter- 
fere with adjacent channels. The current 
masking rules for some services are the 
same for both analog and digital opera- 
uons, Therefore, when an operator makes 
the switch from analog to digital. he is 
allowed to use the same masking rules. 

If more practical masking rules were 
adopted, digital and analog operators could 
live in better harmony, without the increas- 
ing spectrum chafe. Of course, this would 
require some enforcement of the new rules 
by the FCC—which might be hoping for 
too much. At least a new masking require- 
ment might cause equipment to be built 
that would be more compatible within the 
actual operating environment. 


In praise of filters 

Another source of the interference prob- 
lem is the failure by technicians to install 
filters. This problem is seen quite often in 
the installation of additional channels on 
900MHz paging tranmsitters. The carrier 
wants to use a Single transmitter to meet 
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its construction requirement for multiple 
paging frequencies. The technician is di- 
rected to install the additional channels, 
but neglects to instal] additional filters to 
upgrade the transmitter into “good neigh- 
bor” status for the use of the additional 
frequencies. 

The failure to install the filters creates a 
sloppy signal that splashes over the band and 
onto adjacent channel systems. Bingo! Harm- 


If more practical 
masking rules were 
adopted, digital and 

analog operators could 
live in better harmony, 


ESSE Ee LE TD 
ful interference is caused that is difficult for 
the operators of adjacent-channel systems to 
pinpoint—and even more difficult for them 
to explain to the offending carrier. 
Although most readers of this publica- 
tion like to think of themselves as RF pro- 
fessionals. the truth is that you often might 


be harassed by your company’s executives 
and marketing managers to “Get it done 
today,” even if today you lack the filters 
necessary to do the job right. You know 
when the channels are being installed that 
they might cause a problem without proper 
filters. Yet, sometimes you do the job you 
are paid to do, rather than the one you 
know is correct. 

To solve this problem takes profession- 
alism and ethics. RF engineers and techni- 
clans must expand their vision to consider 
not only hew their systems are working. 
but how the operation of their systems 
might affect others. 


Tell me more 
If you want to help solve the increasing 
incidents of harmful electrical interfer- 
enee, your inpul is sorely needed. You 
know the “whys” and the “hows” better 
than anyone inside the PCC because you 
have to live with the problems every day. 
Please send your stories, solutions, techni- 
cal observations, and suggestions to me. 
Robert Schwantnger at 1835 K Street. 
Suite 650, Washington DC 20006. or fax it 
to 202-659-0071. I'll pass it on to the 
group working on the problem. 
ey 
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And for lower cost and highly integrated applications, where the user is 
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Motorola aids in North Dakota 
flood recovery effort 


Motorola technician, Elie Khoury, working in the 
Schaumburg, IL, facility, puts together a re- 
peater for the infrastructure of a five-channel 
trunked radio system loaned to North Dakota 
to help coordinate recovery and relief efforts. 


Motorola Land Mobile Products Sector 
donated the use of two mobile wireless 
communications units to North Dakota 
flood recovery efforts this spring. Use of 
the trailers helped coordinate two-way com- 
munications for thousands of public safety 
and emergency workers for national, 
and local agencies. 

North Dakota was one of the hardest-hit 
with floods this past spring after record 
amounts of snow and ice melted, followed 
by spring rains. 

Pete Eggimann, director for Grand Forks 
County's Public Safety Answering Point 
(PSAP) said. “During the evacuation, we 
were uble to use our existing two-way radio 
systems with portable equipment with lim- 
ited capabilities. Once the floods hit, how- 
ever, the PSAP was shut down, moved three 
times, and we could not communicate ef- 
fectively outside our own groups.” 

Each unit contained an 800MHz, five- 
channel StartSite trunked system. These 
systems each supported as many as 500 
two-way radio users and provided for mul- 
liple, autonomous talk groups. Each had a 
50', hydraulically extendible antenna mast 
for wide-area communications and was 
powered by a self-contained 10,000W dic- 
sel generator. More than 200 Motorola 
MCS2000 mobile radios were loaned to 
the relief workers communicating on the 
network. 


state 


FCC Chairman Reed Hundt resigns 

FCC Chairman Reed Hundt tumed in 
his letter of resignation on May 27. 1997, 
citing the need to spend more time with 
his wife and children as the reason behind 
his decision. He asked President Clinton 
in a letter to begin the process of selecting 
his successor. Hundt will continue to serve 
as chairman of the FCC until Clinton ap- 
points a new chairman, Hundt has been 
chairman for three and a half years, The 
term to which he was appointed ends June 
30, 1998. 
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IWCE sets new domestic, international attendance records in 1997 


The recent production of the Interna- 
tional Wireless Communications Expo 
(IWCE). held April 22-24 at the Sands 
Expo Center in Las Vegas. established new 
attendance records for the 21-year-old 
event. Registration reached 10.642 by the 
close of the final show day, marking a 6% 
increase over the previous year (which was 
also a record-breaker). 


International attendance soared by even 
larger percentages—1,395 mobile commu- 
nicants professionals from 86 foreign coun- 
tries made the trip to Las Vegas for WWCE— 
a 21% increase over the previous year. 

Exhibitor participation also surpassed 
all previous records—342 exhibiting com- 
panies occupied 894 booths in 1997, com- 
pared to 865 booths in 1996, 
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News 


Kenwood licenses dc/MA technology, opens sales office 

Kenwood Communications, Long Beach, CA, will license 
Unique Wireless Developments’ dc/MA technology. The technol- 
ogy will be implemented in the 800MHz SMR and ESMR fre- 
quency band, allowing a five times voice capacity improvement 
per existing 25kHz channel. This new technology could also be 
applied to other frequency bands, and discussions are under way 
to take advantage of these additional opportunities. The technology 
is compatible with existing FM equipment and has a low cost for 
conversion or migration of existing systems. 

The new equipment can be made compatible with traditional 
SMR equipment that uses a single-site, high-powered architec- 
ture. Operators will also be able to upgrade a single channel at 
a time, rather than having to replace entire systems 

Kenwood Communications has opened an international sales 
facility in Miami. The offices, located at 11430 SW 88th St., 
serve as the marketing center for sales in international regions, 
with particular emphasis on Latin America. 


American Tower Systems acquires Towers 

American Tower Systems. Boca Raton, FL. a wholly owned 
subsidiary of American Radio Systems, Boston. has entered 
into an agreement to acquire the assets of Towers, L.L.C, Co- 
lumbia, SC, for $5.3 million. Towers owns and operates 21 
tower sites in South Carolina. 

Ken Hall, the former president of Towers, joined ATS us the 
southern regional manager. American Tower Systems plans to 
continue to develop tower sites in South Carolina and adjacent 
southern states. 
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Chadmoore Wireless affected by 
two separate construction rulings 

Chadmoore Wireless Group, Las Vegas, 
received notice about two separate actions 
on May 20 from the Federal Communica- 
tions Commission and the United States 
Court of Appeals. effectively denying grants 
of additional time for station construction. 

The FCC decision denied an original 
five-year extension to Chadmoore to con- 
clude construction. This extension had 
been granted in May 1995 to Chadmoore’s 
more than 5,000 stations but had to be 
justified in December 1995. A favorable 
ruling for Chadmoore would have granted 
two years, or the balance of the original 
five-year extension. The new decision re- 
quires that all of the affected stations be 
constructed within six months of May 20. 
The licensees of the affected stations, with 
the cooperation of Chadmoore, intend to 
petition the FCC to reconsider its decision 
and to stall the construction deadline dur- 
ing the period of reconsideration. 

The separate action by the U.S. Court of 
Appeals affirmed the FCC's December 
1995 denial of Chadmoore’s request for a 
grant of an extended amount of time to 
construct 2,300 additional stations, How- 
ever, most of the stations affected by the 
court’s decisions are included in an exten- 
sion of the original construction deadline 
granted to Daniel R. Goodman and Robert 
Chan. The “Goodman-Chan” extension 
grants these stations a construction period 
that will end four months after publication 
in the Federal Register. The extension was 
granted on May 24, 1995. and as of May 
23, 1997, had not been published in the 
Federal Register, 


Businesses get Signal from Motorola 

In an effort to better serve customers 
with its wireless communications systems 
in the south Florida market. Motorola will 
begin transferring its select service ac- 
counts to Signal Communications Service, 
Pompano Beach, FL, the authorized 
Motorola Service Station (MSS) in south 
Florida, The MSS designation was 
awarded to Signal in January 1996, During 
the next 12 months, a select group of ex- 
piring Motorola service contracts associ- 
ated with businesses in south Florida are 
to be converted to Signal contracts. 

Last year. Signal was selected by 
Motorola to purchase three Motorola serv- 
ice centers in Dade, Broward and Palm 
Beach counties after serving as a charter 
distributor for five years. The arrangement 
is part of Motorola’s continuing plan to 
focus on larger business sectors while con- 
verting small- to medium-size contracts to 
local authorized MSS. 


PageMart growth plan raises subscriber base to 2 million 


PageMart Wireless, Dallas, has an- 
nounced record growth of its subscriber 
base. It has attained two million subscribers 


term operational blueprint. Components of 
the strategic growth plan include deploy- 
ment of a direct broadcast satellite system, 


less than two years after hitting the one- 
million-subscriber mark. The milestones 
were achieved through internal efforts as 
opposed to growth through mergers and 
acquisitions. 

John D. Beletic, president of PageMart, 
attributes the company’s growth to its long- 


formation of strategic alliances with tele- 
communications industry giants and devel- 
opment of a national retail channel. The 
PageMart network's footprint was ex- 
panded as well to ensure consistent oper- 
ability and NAFTA-wide seamless roam- 
ing through its common frequency network. 


“Ten years. 
eae we'd done general 


maintenance on the repeat 
the Model BEA niin en 
controller has never een 
i aligned, opened, or ws bes 

ie since the day we p¥ 


. Cc alae 
a building site in New He oS 
‘ This Zetron stuff just p 
Fi " working.” 
i Robby Riess, Owner 
Communications S 


Management, Br 


taal) woe Case 


Model 38A 


Hares a durable repeater tone panel that can be remote-programmed 
to eliminate time consuming trips to rooftop or remote repeater sites. A 
unique decoding circuit, ToneLock, grabs a radio’s subaudible tone even 
when receiving quieting drops as low as 1 to 3dB SINAD. There’s a three 
year warranty and full value trade-up to the Zetron 48-MAX—the most 
powerful, shared-customer interconnect and tone pane! available. Call 
Zetron today for the best deals on tone panels in the industry. 


Zetron, Inc. PO Box 97004, Redmond WA98073-9704, USA Ph: (425) 820-6363 


Fax: (425) 820-7031 zetron@zetron.com http://www.zetron.com ZETRON 
® 


European Office: Zetron, Inc. 27-29 Campbell Court, Bramley, TADLEY, Basingstoke, RG26 5EG, UK 
Phone: +44 1256 880663 Fax: +44 1256 880491 


Circle (56) on Fast Fact Card 


July 1997 Mobile Radio Technology 57 


The on time, 
on budget 
tower specialists 


e Custom Fabrication Facility 
¢ Complete Turnkey Operation 
¢ Site Preparation 

e Foundations, Tower, Antenna 
¢ Wave Guide Installations 

¢ Guymast Analysis 


Trylon 
Manufacturing 
Co. 


P.O. Box 186 
21 Howard Ave. 
Elmira, Ontario N3B 2Z6 
Tel: (519) 669-5421 
Fax: (519) 669-8912 


“Service Center business 


ServicePlus Series 2W from 
ServiceWare is quite simply the most 
comprehensive and affordable Service 
Information System (SIS) available for 


ServicePlus Senes 2W_.. The most 
exceptional value in Service Center 
information systems — no matter how 
you look at it 


Repair Centers. 

The first 32-bit Windows NT/95 SIS, 
Series 2W is a highly integrated, 
modular solution that sets a new 
benchmark for price/pertormance 
and usability, 

Its outstanding range of robust 
features include: unlimited serial 
numbers per work orcler; a fully 
integrated database for tracking parts 
and equipment; multiple pricing 
models; knowledge-based : <i 
resolution Statistics; and world class 
inventory and purchasing wath 
RMA replacement and shipping 
control, Not to mention its highly ServiceWare 
Ree : Corporation 
intuitive user interface. 


ServicePlus 
Series 2W 


Four-User System 


$3900 


Offer Expires June 30, 1997 


Call, fax or visit our 
Website today 


ij, | nae aE 
“t) Tel: 819-770-4000 
Fax: 819-770-1795 
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News 


Coded Communications, Racom join to provide 
wireless communications for public safety in lowa 

Coded Communications. Carlsbad, CA. has partnered with 
Racom, Cleveland, to enable public safety fleets throughout 
lowa to access various law enforcement databases, broadcast 
their positions and file reports electronically. 

Coded and Racom will share the revenues derived through 
the use of the system. Coded also has granted Racom the right 
to market Coded’s in-vehicle mobile data communications 
equipment and software products to other potential customers. 

Through the joint system in lowa: 

J State and local police officers on patrol can access critical 
information from the NCIC. DMV and local or regional data- 
bases. Requests that could have taken as long as 20 minutes will 
take only seconds. 

(1 Fire departments can incorporate sophisticated map graph- 
ics and database information retrieval to cut response times, 

1 Emergency medical service providers can cut critical re- 
sponse time by incorporating GPS automatic vehicle location 
options in their mobile data systems. 


Boeing to build Teledesic’s ‘Internet-in-the-sky’ 

The Bocing Company, Seattle, will become an equity partner 
in Teledesic. Kirkland, WA, and serve as the prime contractor 
for the company’s global. broadband “Internet-in-the-sky.” 

Boeing will invest as much as $100 million for 10% of the 
current ownership of Teledesic, As the prime contractor, Boeing 
will lead an international effort to design, build and launch the 
Teledesic Network. The estimated contract value is $9 billion. 
Using a constellation of several hundred low-Earth-orbit (LEO) 
satellites. Boeing and Teledesic will create “fiber-like” access 
to telecommunications services such as broadband Internet ac- 
cess, videoconferencing and interactive multimedia. 

The Teledesic Network will provide switched. broadband 
network connections through service partners in host countries 
worldwide. The network emulates the Internet, while adding the 
benefits of high-quality service and location-insensilive access. 
Service is expected to begin in 2002. With the network, enter- 
prises will be able to connect branch offices throughout the 
world to their existing global networks, and workers will be 
able to telecommute from anywhere. 

Teledesic’s satellites will orbit about 50 times closer to Earth 
than traditional geostationary satellites. The network's low or- 
bit eliminates the long signal delay normally experienced in 
satellite communications and enables the use of small, low- 
power terminals and antennas, about the size of direct broadcast 
satellite (DBS) dishes. 


Batteries Batteries buys cellular accessories distributor 

Batteries Battenes, New York, has acquired the assets and 
business of Cliffco of Tampa Bay, a privately held nationwide 
distributor of cellular telephone accessories, 

Cliffco is also a distributor of batteries. [t generated revenues 
of $5 million in 1996, 

The transaction was completed in exchange for 193,500 
shares of Batteries Batteries stock and $75,000. David Costilow. 
president of Cliffceo. will retain his ide at Batteries Batteries 
under a long-term incentive employment agreement. Cliffco 
plans to relocate to built-to-suit 19,000 square-foot offices and 
warehouse in the third quarter of this year. 

a 


Product/Logo Directory 


Advanced Systems 

ASC manufactures and sells 
two-way MicroTalk & Tech- 
Talk VHF and UHF portable 
radios and accessories. ASC is 
now a major distributor of 
many types of batterics and 
cellular phone accessories. 
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Aerotron-Repco Systems 

Manufacturers of FM radio 
products for data and voice 
communications. Products in- 
clude a wide range of trunking. 
spread-spectrum modems, 
transmitters, receivers and 
base station/repeaters. 
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Avtec 

DSPatch & DSPatch 32 are 
digitally switched integrated 
radio or telephone console sys- 
tems with color touchscreen or 
mouse operation. Used by rail- 
roads, transit authorities and 
airlines, the consoles are de- 
signed for applications for 


public safety. utilities, mili- 
tary and other government 
agencies worldwide. 
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inn 
Electronic 
A Member of Bird Technologies Group 
Bird Electronic 
Bird’s new line of 50Q, air- 
cooled RF loads and bidirec- 
tional attenuators include 2W 
through 300W models. Stan- 
dard attenuation values are 
1dB, 2dB, 3dB, 6dB, [0dB, 
20dB and 30dB. 
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CELWAVE 


DIVISION OF RADIO FREQUENCY SYSTEMS INC 
Celwave 

ESMR, cellular and paging 
carriers now have a new way 
to optimize their systems. The 
Optimizer is a log periodic 
dipole antenna that permits 
continuous adjustment of elec- 


trical downtilt from 0° to 14° 
with the simple turn of a dial. 
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m COMMUNICATIONS 
f --— MB SPECIALISTS, INC. 
I (800) 854-0547 

Communications 
Specialists 

Communications Special- 
ists’ line of tone signaling 
products include CTCSS, DPL 
and two-tone sequential en- 
coders and decoders, auto- 
matic Morse station identifier, 
shared repeater tone panels, 
SMD prototype kits and a new 
microminiature ANI encoder. 
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Leavitt Communications 

Leavitt Communications is a 
Motorola authorized paging 
and Pinnacle Club dealer. They 
can provide all Motorola pag- 
ing products, as well 
as Motorola Radius radio 
products. 
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STATE OF THE ART ANTENNAS 


Maxrad 

Maxrad is a premier sup- 
plier of antennas for the com- 
munications industry, From 
Hanover Park, [L, the com- 
pany manufactures a full line 
of mobile, portable and base 
station antennas. Ranging in 
frequencies from 27MHz to 
2.6GHz, Maxrad has antennas 
for all communications needs, 
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OPTOELECTRONICS 
Optoelectronics 
Manufacturer of nearfield 
test receivers, frequency re- 
corders, frequency counters 
and tone decoders. Test two- 
way radios for frequency, au- 
dio, deviation, signal strength 
and CTCSS/DCS/DTMF. 
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Otto Communications 
Otto Communications is 
an [SO 9001-registered 


XM 


Continuous Duty. 


Overdrive protection. 


® S&S S&S SK 


HMS SERIES 


Output to 500 Watts VHF, 300 Watts UHF & 
Low Band, 250 Watts 800-960MHz. 


Dimensions: 19” W x 10%” Hx 15” D 


Self contained power supply. 

Digital meter monitoring for system evaluation. 
Over temperature protection/power reduction. 
Forward & reverse power monitoring. 

SWR protection/power reduction. 


Leadership by tradition. 


WITH TPUS 
POWER AMPLIFIERS 


¥ 
v 
v 
Y 
v 
v 
v 
v 


COMMUNICATIONS 


.3370.San Fernando Road, #206 * Los Angeles, CA 90065-1417 * (213) 256-3000 * FAX (213) 254 
siieusien Renan se mite a SS aS Sete Ra bens mene ee abel RACER ALAS 
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RXR SERIES 


Accommodates all bands from 35 to 960MHz. 
Input as low as 25mW, Output up to 120 Watts. 
Supplied with or without DC power supply. 
Front panel circuit breaker/switch., 

100% duty cycle. 

Flat front allows for cabinet door closure. 
Cooling fan optional. 

Dimensions: 19” W x 7" Hx 8" D. 


Need more information call 


(800) HI POWER 


-3210.¢ electronic @ aol.com 
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Product/Logo Directory 


manufacturer that specializes 
in communication accessories 
for the two-way radio market. 
Otto’s product line includes 
remote speaker microphones, 
lightweight headsets, heavy- 
duty headsets, low-profile ear- 
phone kits and numerous other 
standard or custom accesso- 
ries. Compatible with a vari- 
ety of radios. 
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Selectone 

Selectone manufactures a 
full line of voice encryption 
products; tone signaling prod- 
ucts, which include CTCSS, 
DTMF and two-tone sequen- 
tial boards: and ANI (auto- 
matic number identification) 
products, 
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ServiceWare 

Service Ware provides 
ServicePlus service informa- 
tion systems to high technol- 
ogy electronics field and de- 
pot repair industries globally. 


ServicePlus series 3 is a full 
32-bit Windows version. 
ServiceWare provides imple- 
mentation and training serv- 
ices, as well as high-quality 
customer and product support. 
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* TESSCO 

TESSCO is 
a leading sup- 
plier to the 
mobile dis- 
patch. cellu- 
lar, paging and PCS markets, 
offering express delivery and 
support for more than 17,000 
products from more than 270 
major manufacturers. A buy- 
ers’ guide and Magic pro- 
curement software are avail- 
able on a complimentary ba- 
sis to qualified service orga- 
nizations. 
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Your 
TOTAL 


SOURCE 
TESSco 


TRL Technologies 

RF design consultants to the 
wireless industry with exper- 
tise in analog and digital am- 


plifier design; amplifier lin- 
earization techniques; cellular, 
PCS & wireless local loop de- 
velopment; RF boosters, re- 
peaters, cell enhancers and in- 
building solutions. 

Circle (314) on Fast Fact Card 


Trylon-TSF 

Trylon-TSF is a full-service 
provider for the wireless in- 
dustry offering tower design, 
manufacturing, tower installa- 
tion and civil works. Trylon- 
TSF’s technical services divi- 
sion offers building installa- 
tion, radio installation, an- 
tenna supply, testing, sweep- 
ing and commissioning. 
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Thunder Eagle 
Thunder Eagle’s 
patented weather 
“SL alert scanning and 
recording receivers 
automatically 
place weather 
alerts on a two-way 
radio system, voice 


mail system or pager. 
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7 TIMES 


MICROWAVE SYSTEMS 
Times Microwave Systems 
Times Microwave Systems 
develops and manufactures 
coaxial cables and assemblies, 
including LMR cables de- 
signed for better flexibility, re- 
sistance to kinking, compa- 
rable attenuation and casier 
connector attachment at a 
lower cost. 
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VoCom 

VoCom designs and manu- 
factures high-quality RF 
power amplifiers for paging, 
two-way, trunking, repeater 
and base station applications, 
30MHz—-960MHz. 
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ce 


90% Off on Line Two! 


Why settle for one phone line when you 
can have a second line for just 10% more? 


New fixed site direction 
finders provide 2 degree 
accuracy, and include 


ce) Nae Wireless Teleph 

The new OptaPhone 2000 PLUS-2 delivers two individual lines for 
just ten percent more than our single-line system, the OptaPhone 
2000 PLUS. With bath models, you get: 

= 9.6 kbps data typical/G3 fox 

= Can be economically solar powered 

= Modular, surface-mount technology 


® Wireline-quality audio 
= Programmable 
synthesized tuning 


s 
iy 


AS 


1180 Evergreen Road * P.O. Box 4000 
Redway, CA 95560 

1-707-923-4000 = fax 1-707-923-2655 
E-mail: sales@optaphone.com 

On the Web: http://wew.optaphone.com 


© 
<3 
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software for triangulation from 
a central control site. Mobile 
versions also available covering 
50MHz to 1 GHz 


Doppler Systems Inc. 


PO Box 2780 Carefree, AZ 85377 
Tel: (602) 488-9755 Fax: (602) 488-1295 


European Rep. Denis Egan 
PO Box 2, Seaton, Devon EX12 2YS England 
Tel & Fax: 44 1297 62 56 90 
http://www.dopsys.com 


tse Mg 
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Remote site equipment monitor 
handles 8 transmitters, antennas 


The DB 8860 Sentry from the Decibel 
Products division of Allen Telecom 


“Mobile « eae mount: includes | | ” | Group is a modular, low-cost system 
‘slide tracks for easy installation C un 
A locking laptop 


designed to monitor and control site 
equipment of trunked, conventional, pag- 
ing. cellular, IMTS, mobile radio dispatch 
and aviation systems from 30MHz to 
1,000MHz. The monitor can handle from 
one to eight transmitters and antennas 
and, with an expansion slaye unit, ex- 
pands to handle as many as 32 transmit- 
ters and antennas. The basic system has 
four separate ports, each providing four 
analog and two digital inputs that are 
user-definable. Also included with each 
port are one Form C relay output, one 
relay driver and one balanced audio pass- 
through. The main system also provides 
for eight additional digital inputs and four 
additional Form C relay outputs. 
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compact “mount 


ae ‘the ‘Consolidator 
‘series’ of vehicle 


puter mount is one component in a 
_ series designed to simplify installations 
_ by bolting equipment to slide tracks re- : 
cessed i in the top of the base. for audible tones. 
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REVOLUTIONARY VALUE! 


Patriot 2-Way Radios 


LOW BAND « UHF ¢ VHF 


Patriot radios are synthesized, pro- Portables -The full power RTX Series: 11 Chan- 
grammable and designed to provide nels, 6 Watts (low band), 5 Watts (VHF/UHF), Scan, 
maximum performance and value to = CTCSS, DCS and 2-Tone Signalling. 
the radio customer. They utilize the The ultra small SST Series: 2 channel/multi-mode 
latest in SMD design and microcon- capability, 2 Watts (VHF/UHF) and CTCSS 
troller technology to bring the most Signalling. 
compact, reliable and versatile radio af 7 re SV ee oe : 
to market, at the best possible price. Mobiles The MIL-STD RPM Series: 16 channels, 

60 Watts (low band), 25 Watts (UHF), 30 Warts 

: (VHF), Scan, CTCSS, DCS and 2-Tone Signalling. 
Repeaters -The RRX Series UHF Programmable 
Repeater offers high performance specifications, 
CTCSS/DCS, a wide range of options and an 
affordable price. 
Every Patriot Radio is backed by a no-nonsense 
factory warranty from Ritron, Inc., a leading U.S. 
manufacturer of innovative wireless communication 
products and systems since 1977. 
If you're a dealer and need a dependable 2-way 
radio line, then you need Patriot. Call us at: 


800-USA-1-USA or Fax 317-846-4978 


PATRIOT. 


BY RITRON 
Rtn, Ine. © PO. Box 1998, Carmel, [IN 46032 © Ph. 517-846-1201 


Circle (37) on Fast Fact Card 
July 1997 Mobile Radio Technology 6) 


DSPatch 


THE Worip s Most 

ADVANCED DIGITAL 

SWITCH FOR VOICE 
COMMUNICATIONS 


FEATURES: 
INCLUDE: — 
User ers 
_ . Screens 
: @Conventional or: 
> trunked radio 
© @ANI with call 
: queue Sy 
: @Multi-format 
S23 | paging BS 
fat ay and worksta- eGiauiencods 
- Its distributed architecture conferences 
: Many more 
“| 32-port system, is: 
: available for small- 
Be egaee ‘er applications, - 
‘Call, fi ee for additional 
informatio or a budgetary proposal, 


‘Avtec 


4335 AuGusta HIGHWAY 
‘GILBERT, SC 29054 USA. 
sal aad 81, Fax: eek 892:3715 | 


cies worldwide have come to rely 
oa for advanced, sl 
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New products 


DDH battery incorporates improved VRLA design 


Yuasa-Exide has im- 
proved valve-regulated, 
lead-acid battery 
(VRLA) design for tele- 
communication applica- 
tions with its DDH 
battery. The DDH bat- 
tery features a large 
ampere-hour plate 
(12SAh). The DDH 
VRLA battery uses 
Yuasa-Exide’s absorbed 
glass mat (AGM) tech- 
nology and ranges in ca- 
pacity from 120Ah to 
4,000Ah in 24V or 48V 
configurations. Capacity is 2,000Ah in non-paralleled con- 
figuration, Reduced height and length allow configurations in 
any 19", 23” or 30" relay rack. The Slide-Lock seal allows 
plates to grow without stressing the cover or post seal, thereby 
reducing the occurrence of cracking covers or leaking posts 
caused by plate growth. The Skate-Key locking device enables 
users to ughten the fit of DDH batteries within modules, 
thereby increasing compression and lengthening service life. 
Users can also loosen the fit enough to permit easy removal of 
these modular cells. 
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www.kingusa.com 


SentoR 


What's 
going on 


Why worry about what's going on at your 

Sites, when the SENTOR can remotely Monitor & Control 

Virtually all major site functions via RF or Phone Modem. TXPower, 
Burglar Alarms, Smoke/Fire Alarms, AC & DC Power Hot 


Each unit can monitor 64 functions. 


Multiple Sites & Multiple Bases 
Call Today For Free Information on how you 
can track what's going on at your sites. 


King Communications USA Inc 


Phone: 407-293-1432 Fax: 407-293-2907 
5401 Alhambra Drive, Suite B, Orlando, FL 32808 
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RMS data loggers automatically 
adjust scale and sample rate 


The Simple Logger family of RMS data 
loggers from AEMC Instruments re- 
quires no user set-up and can automati- 
cally adjust its scale and sample rate to 
optimize the recording. One-button opera- 
tion makes this data logger easy and quick 
to use. A Windows-based software pack- 
age is included, which allows plotting. 
statistical analysis, text annotation and 
zoom capability. Graphs and tabular list- 
ings can be printed. Graphs can also be 
pasted to the Windows clipboard for in- 
sertion into other programs. Stored files 
can be imported by all popular spread- 
sheet programs. Other features of the data 
logger include one-year operation from 
single 9V alkaline battery; storage of 
more than 8,000 data points, built-in RS- 
232 port for downloading; compact size 
(27/s" X 25/3" X 15/16"); available inputs in- 
cluding Arms, Vrms and temperature. 
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UHF transceiver design supports 
high-speed data, duty cycle operation 


RF Industries’ Neulink Division’s 
DCL-SYNX-U is a synthesized, trans- 
ceiver, operating in the UHF band, 
403MHz-512MHz. Designed for high- 
speed data applications and 100% duty 
cycle operation, the DCL-SYNX-U is a 
direct replacement for the DL 3472. The 
transceiver can be integrated with the 
Neulink modem, Neumodem 9600 to 
provide a high-speed, intelligent trans- 
ceiver modem, the Neulink 9600. 
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Remote speaker microphones withstand harsh conditions 


The V2 series of remote speaker micro- 
phones from Otte Communications are 
compatible with a variety of radios, which 
are listed in the V2 series selection guide. 
The microphones feature durable con- 
struction to meet MIL-STD-810E specifi- 
cations. The housing is fully sealed. The 
mics also have a heavy-duty cable assem- 


bly with strain relief for demanding ap- 
plications and two-position volume con- 
trol for operation in various noise 
environments. The V2 includes an ear- 
phone jack that accepts standard 2.5mm 
plugs, and it has a flexible design to fit 
most portable radio configurations. 
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ON THE LINE 


When lives are on the line you can depend on 
Trylon’s complete line of fall protection | 


systems. 


Design Advantage 17. 
Trylon Safety Cable and Safety Rail 
delivers the lowest wind load ratings 


available. 


No-compromise quality, at a price 
that you'll fall for. 


TRYLON-TSF 

21 Howard Avenue, PO. Box 186 
Elmira, Oncario, Canada N3B 226 

Tel. (S19) 669-542! Fax (519) 669-8912 
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WACOM 


* Low-loss Transmitter Combiners 
* Receiver Multicoupler Systems 

* Coaxial Cavity Filters 

* Duplexers 


Investigate this complete line of ; 
high performance products today! ih 


PHONE 254-848-4435 
FAX 254-848-4209 


PO.BOX 21145 * WACO,TEXAS 76702 


GUALITY:SERVICE-PRICE 
.. WE DONT BETTER! 


FOR THE 150, 450, & 850 MH, BANDS 


PRODUCTS, ING. Cow ai 
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New products 


Measurement system surveys pilot channel signals, reports power profiles 


The Scout from Berkeley Varitronics 
Systems is a mobile measurement system 
thal continuously surveys all the cellular 
or PCS CDMA pilot channel signals and 


reports their power profiles. These pro- 
files indicate the distribution of interfer- 
ence and multipath components as a 
function of relative power and delay. The 
system uses an eight-channel GPS system 
to synchronize and track the CDMA sig- 
nals. The Scout can be configured to sur- 
vey all or specific base stations. The 
system conducts CDMA coverage stud- 
ies, base station transmitter testing and 
setting hand-off thresholds. The output of 
raw data from the Scout may be coupled 
with any standard propagation and 
multipath fading analysis software. 
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Paging terminal system performs message delivery 


The Prism II paging terminal system 
from TGA Systems comprises a series of 
functional modules. Each module per- 
forms a part of the overall task of mes- 
sage delivery. The processor is the basic 
building block for the system. The pro- 
cessor uses a passive backplane design, 
allowing multiple vendors of processor 
and other support cards. The modular 
Structure permits the operator to main- 


JA} 


, Thousantls in 


tain growth as technologies and service 
levels change over the life of the system. 
Processors are based on the Intel 486 DX 
series family and use a high-speed video 
and peripheral bus on the processor en- 
gine board. The system uses the Intel 
iRMX real-time, multi-tasking operating 
system to process high volumes of 
traffic. 
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use over Seven years 


. . » ZERO FAILURES 


* Proven-Relaibility 

* Most configurations 
“Coaxial relay reliability has 
always been a problem. About 
seven years ago, we switched 
to TohTsu Coaxial Relays in 
our high power amplifiers. 
Since then, we have not 
experienced a single coaxial 
relay failure”. Ted S. Henry 


Henry Radio carries the full- 
line of TohTsu coaxial relays 
in stock for immediate 
delivery. Most common 
configurations and connectors 
are available... AT VERY 
REASONABLE PRICES! 


CALL TODAY...! 


TOLL-FREE (800) 877-7979 


RADIO 


2050 South Bundy Drive 
Los Angeles, CA 90025 


Phone (310) 820-1234 
FAX 310-826-7790 
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Control system accesses several 
pager programmers 


The Codifier from Ducat Industries 
is a pager programmer control system 
that provides quick access to any pro- 
grammer, eliminates tangled wires and 
can be used with existing Motorola pro- 
grammers, The system features strong 
ABS plastic construction and is de- 
signed for use with any computer sys- 
tem. One base unit holds as many as 
four pager programmers, and the 
Codifier system allows base units to be 
interconnected. Model A will hold pro- 
grammers for Bravo Tone, Bravo Alpha, 
Keynote and Universal Interface. Model 
B supports a wide variety of program- 
mers, including Bravo Lifestyle Plus, 
Advisor and Encore. 
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Repeaters come data-ready with 
several modem options 


The ETR5000 Gold rack-mount base 
stations and repeaters from ETrunk Sys- 
tems have microprocessors that monitor, 
display and adjust all levels of the radio 
operating parameters. The RF power can 
be adjusted via the diagnostic port and 
can provide the ability to select channels 
as well, A PC program is available to pro- 
vide a full display of all information in- 
volved in servicing or programming the 
unit. All Gold series repeaters come data- 
ready. Several modem options are avail- 
able for use as a dedicated data radio or 
as a shared voice radio, The ETR5000V/ 
VH/U software can switch from pre-em- 
phasized voice use to flat data use “on the 
fly.” An integrated CTCSS/DCS tone 
panel is available as a plug-in option. A 
2400-baud MSK modem is also available 
in the integrated tone panel. A special 
option board enables the ETR5000 series 
to operate as a rural] telephone system us- 
ing the EDTS digital trunking protocol. 
The radio is provided with a two-wire, 
end-to-end (telephone interface to allow 
wireless local loop operation over ex- 
tended distances. 

Circle (409) on Fast Fact Card 


iterature 


Catalog features smaller modules 

Midian Electronics’ /997 Catalog has 
13 color pages of communications prod- 
ucts including automatic number identifi- 
cation, encoders, decoders, scramblers, 
CAD systems, adapters, remote control 
products, accessory products and more. 
Midian has redesigned its modules into 
smaller, thinner sizes with a microminia- 
ture quick disconnect plug with color- 
coded leads. All are included in the 
catalog. 
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Site planning guide serves 
infrastructure product buyers 

TESSCO’s Site Planning Guide is a 
consolidated source book of information 
needed for site construction, mainte- 
nance and repair, The guide catalogs the 
offerings of dozens of manufacturers by 
product type including antennas, cable, 
jumper assemblies, connectors, hanger 
kits, ground bars, weatherproofing kits, 
hoisting kits, grounding kits, site hard- 
ware, lightning protection and filter 
equipment. The 28-page guide contains 
several site planning worksheets and is 
formatted to fit in a briefcase or glove 
compartment. 
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Tower lighting controls application 
guide cross-references products 

SSAC’s “Tower and Obstruction Light- 
ing Controls Application Guide” is a 16- 
page application and product selection 
guide. It has been expanded to include 
lamp outage and beacon flasher monitor- 
ing relays. The guide cross-references 
products and applications. Included are 
controls for beacon flashing, synchronous 
flashing of beacons, dusk-to-dawn opera- 
tion, lamp outage and failed flasher alarm 
modules, three-phase voltage monitors 
and more. 
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Guide features 10,000 products 

Hutton Communications’ /997 Prod- 
uct Selection Guide features 10,000 prod- 
ucts from more than 100 wireless com- 
munications and power systems equip- 
ment manufacturers. Included are infra- 
structure products, test and shop equip- 
ment, radios and accessories, cellular and 
PCS accessories, and power systems 
equipment. The guide is divided into 10 
sections with product descriptions, pho- 
tos and charts. 
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Book provides information about intelligent transportation systems 


Vehicle Location and Navigation Sys- 
tems, written by Yilin Zhao and pub- 
lished by Artech House, includes in- 
formation that helps you design and 
implement advanced intelligent trans- 
portation systems (ITS). This book cov- 
ers the principles and practical applica- 
tions of modern vehicle location and 
navigation systems, from digital map 


databases, to positioning sensors and fu- 
sion methods, to human-machine inter- 
face technologies. It also addresses 
newly developed technologies including 
a fuzzy logic-based algorithm. the field- 
emitter display (FED), and a recently 
invented software technology for 3D 
map display. 
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ee 


We Don’t Just Build 
High Performance 


Shielded 


ares 


Modular DEI 
screen enclosures 
are available in 
bronze or 

copper screen. 


set the standard for superior 
EMI/RFI shielding solutions. 


systems for a wide range of 
industrial and governmental 
RF shielding applications: 


iu 


We Set the Standard. 
__-__ 


Ever since Lindgren patented the 
first double electrically isolated 
(DEI) RF enclosure, providing the 
highest RF shielding performance 
available, we have continued to 


Lindgren provides the following 


shee -snianitace) ERS 


* DEI screen and solid enclosures 


° Welded enclosures 
¢ Anechoic (Ferrite/Conventional) 


¢ Plywood cell enclosures 


available! 
Call today. 


LINDGREN 


RF ENCLOSURES INC 
* 400 Pligh Grove Boulevard = Glendate Heights, IL 60139 
Tel: 630.307 72000 = Fax: 630.307.7571 
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Attention System Engineers: 
Solve Voter System Problems Fast! 


Remote Comparator Display 


Display Screen 


Call or Write for our FREE System Planner! 


Transmitter Coverage Problems? 


Transmitter ° 
Steering Unit Bi xe 


* Use with Multiole Transmitters to 
Extend System Coverage 
* Automatic Transmitter Selection 
3 * For Lower Cost thon Simulcast 
Zn, Booth 428 \ A * Fils Gaps In Exsting Coverage 
4b BM * Better than Relay-Based Controllers 
GON * Works with Standard Base Stotions 


aly yet Ny, tH 
a) See Us at 
PB 4 APCO '97 = 


Ly roca ho|. =>—T"_{== 


Land Mobile Ragio Solutions 


1211 West Sharon Road, Cincinnati, Ohio 45240 
(513)595-5900 
Info@ctiproducts,com 
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iniature inversion” 
scrambler designed to 
provide intermedi- 


two-way radio voice 
communication systems 
and is a perfect, cost 
effective solution to entry level 
voice scrambling as a defense 
against unauthorized or casual listeners. The NC802 
provides eight user selectable carrier codes commonly 
used by other manufacturers and interfaces easily to most 
radios with near transparency to the user. 


For Detailed specifications call our 24 Hour 
NorFax retrieval system at 916-477-8403 or for 
product catalog call 1-800-874-8663 


DATA SIGNALLING PRODUCTS 


BS 


15385 Carrie Dr., Grass Valley, CA 95945 
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Campbell Petty 


Oliphant 


Schmidt 


John Schmidt leaves Progress Communications, Houston, 
as general manager to join Hutton Communications, Dallas, as 
director of business development for mobile and portable 
products. 


Malcolm Oliphant departs Wavetek, Indianapolis, as sys- 
tems engineer and joins IFR Systems, Wichita, KS, as director 
of training. 


Changes at Riser-Bond Instruments, Lincoln, NE: 

Walter R. Campbell II, vice president of sales and market- 
ing, Moves up to president. 

Marshall B, Borchert, president, advances to chief execu- 
live officer. 


Colin Petty leaves Cylink as vice president of international 
sales to join Pacific Crest, Santa Clara, CA, as manager of 
international sales. 


John Vice departs Habitech, Seattle, to join BCS Wireless, 
New Glarus, WI, as vice president of construction. 


Ken Krassy leaves Telecom, Bermuda, as general manager und 
joins Signal Communication Service, Miami, as vice president. 


Stephen Greenspan, executive vice president of operations, 
Spectrian, Sunnyvale, CA, advances to executive vice president, 


Steve Schneller, east coast regional sales manager, Andrew, 
Orland Park, IL, moves up to national sales manager. 


Jess Rosenthal departs NEC Electronics, Somerset, NJ, as 
worldwide account manager for the AT&T/Lucent account to 


join Telecom Analysis Systems, Eatontown, NJ, as vice presi- 


dent of sales. 


Jerry Miller leaves Pro-Guard Industries, Indianapolis, as 
president to join Gamber-Johnson, Stevens Point, WI, as gen- 
eral manager. He succeeds Brad Johnson, who retires. 


Tom Crawford departs Qualcomm, San Diego, as director 
of strategic accounts to join Metawave Communications, 
Redmond, WA, as director of product marketing and business 
development. 


Margaret Tutwiler, president of Direct Impact Communi- 
cations, Alexandria, VA, joins CTIA, Washington, DC, as se- 
nior vice president for public affairs and communications. 


Michael Guerin leaves Motorola, Schaumburg, IL, as prod- 
uct manager in the Wireless Networks Solutions Group and 
joins Comsat RSI Wireless Antennas, Des Plaines, IL, as vice 
president of marketing. a, 


etters from readers 


Refarming: 

It is necessry to correct for your readers 
an inaccurate statement that appeared in 
Robert H. Schwaninger’s article titled 
“Refarming: The Telecom ‘Agribusiness’ 
of the Next Decade.” published in the May 
1997 issue. 

Specifically, Mr. Schwaninger writes 
that “...the FCC is adopting the LMCC- 
ITA plan of dividing all of the spectrum 
below 470MHz into two pools, private 
wireless and public safety.” Actually the 
two pools have been classified Industrial/ 
Business and public safety. Further. as 
secretary/treasurer of the Land Mobile 
Communications Council (LMCC), I can 
assure you that the LMCC never presented 
any recommendation to the Federal 
Comunications Commission regarding the 
consolidation of the private land mobile 
radio services. The LMCC did, however, 
submit other proposals regarding system 
transition and related technical matters. 

Finally, Mr. Schwaninger writes that 
“services like telephone maintenance..., 


Mr. Schwaninger’s response: 

In response to Mr. Crosby’s letter. I wish 
to thank him for his greater insight into the 
participation of the parties who assisted the 
FCC in its efforts to come forward with 
their refarming initiative, His letter serves 
to better inform the readers, and that’s what 
we all are lying to accomplish. Although T 
am nota proponent of refarming, | certainly 
understand the motivations of ITA and 
LMCC in their efforts to make rational the 
FCC's proposed rule changes and to lessen 
any adverse impact on their members and 
other operators throughout the industry. 

As for the continued participation by fre- 
quency coordination groups, | was aware of 
ITA’s long service to groups like the Tele- 
phone Maintenance Frequency Advisory 
Commitee and the professionalism that ITA 
has provided in performing many of the fre- 


motion picture and others appear to be 
fading..." Your readers may be interested 
to know that the spectrum management 
and frequency coordination functions as- 
sociated with the Telephone Maintenance 
and Film and Video Production Radio 
Services have been conducted by ITA 
under formal agreement with the Tele- 
phone Maintenance Frequency Advisory 
Committee and the Alliance of Motion 
Picture and Television Producers. the 
FCC-certified frequency advisory com- 
mittees, for these radio services for over 
10 years. We suspect that the licensees 
within these services will continue to re- 
ceive the level of service to which they 
have become accustomed, and they are, 
in fact, looking forward to the opportuni- 
ties that “refarming™ creates. 
Mark E. Crosby 
President 
Industrial Telecommunications 
Association 
Arlington, VA 


quency coordination functions of several 
of the coordinating entities. My com- 
ments were directed at whether the entire 
function would be taken up by ITA, and 
whether such groups would simply dis- 
band in favor of ITA’s continued efforts. 
There is no doubt that each of these 
groups has been served well by ITA’s 
efforts and will continue to enjoy ITA’s 
deft handling of their concerns. Any sug- 
gestion to the contrary was unintentional. 
Again, I wish to thank Mark Crosby. 
His letter only helps to illuminate further 
the issues surrounding refarming, to the 
benefit of all. 
Robert H. Schwaninger Jr. 
Partner 
Brown & Schwaninger 
Washington, DC 
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Do you have a photo you would like to see on the cover of 


Mobile Radio Technology? 


We are inter- 
ested in photo- 
graphs of facili- 
ties, installa- 
tions or other 
® graphic material 

relevant to the au- 
dience we serve. We welcome material 
from vendors, consultants, dealers, techni- 
cians, service-providers, end-users and 
others. 

If you have a 35mm slide, transparency 


or other piece of art that you think would be 
worth consideration for our cover, please let 
us know. We would love to hear from you! 


Call or write: 

Don Bishop, Editorial Director 
Mobile Radio Technology 
P.O, Box 12901 
Overiand Park, KS 66282-2901 
913-341-1300 


Please contact us before you 
send your material. 


Receive 
Weather Alerts 
Automatically 


on your 2-way radio system, 
PA system, voice-mail, 
numeric pager or telephone! 


* Rack-mount and mobile systems 


® Warnings digitally recorded for 
DTMF access and playback 


" Designed specially for demanding 
Public Safety use 


Call toll free 1-888-877-8022 
or visit our Web site at: 
http://www.thuneagle.com 


youd 


U.S, Patents $.444,433 - 5.574.999 - D.377.795 
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NEW EXPANDED COVERAGE 
AVCOM's PSA-65B 


Portable Spectrum Analyzer 
1-1250 MHz In One Sweep!! 


AVCOM's newest Portable Microwave Spec- 
trum Analyzer, model PSA-65B, has an ex- 
panded frequency range from less than 1 MHz 
to 1250 MHz, for the amazing price of $ 2930, 

AVCOM's new PSA-65B is a low cost gen- 
eral purpose spectrum analyzer that's loaded 
with features and options. The PSA-65B cov- 
ers frequencies thru 1250 MHz in one sweep 
with a sensitivity greater than-95 dBm at narrow 
spans. ThePSA-65B is ideally suited for 2-way 
radio, cellular, cable, satellite, LAN, surveil- 
lance, educational, production and R&D work. 
Options include new 1250 MHz frequency ex- 
tenders, BNG-1000A tracking (noise) genera- 
tor, audio demod for monitoring, log periodic 
antennas, carrying case (AVSAC), and more. 

For more information, write, FAX, or phone, 


AVCO eee 


RICHMOND, VA 
Bringing High Technology Down fo Earth 


Phone 804-794.2500 

FAX 604-794-9284 
Receive brochures ON-LINE via AVCOM's 
new AVFAX. Call from your fax and be 
ready to receive. 804-379-0500 
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Michele Greer 
Classified Advertising Manager 


Mobile Radio 
Phone: 913-967-1861 
Fax: 913-967-1735 
Mail: 
9800 Metcalf Ave. 


Overland Park, 
KS 66212 


HERB SACHS, CONSULTING 


Specialist in Public Safety Communications 


P.O. Box 729 
Bowie, MD 20715 
301-464-4268 


GE PORTABLE SERVICE 
* FAST TURN 
* WARRANTY 
» $48.00 hr./2 hr. MAX 
* PARTS GE LIST 
* RETURN UPS PAID 
Smith Communications Service 
2121 W. Parrish Ave., Owensboro, KY 42301 
502-683-0936 


MCCON 


Mobile Communications Consulting 
S.R. McConoughey, P.E. 
Principal 


13017 Chestnut Oak Drive 


Gaithersburg. MD 20874 (301) 916-2837 


Hayes, Seay, Mattern and Mattem 
CTA Division 
PLANNING AND DESIGN: PLUS: 
» 2-Way Redio = Complete A&E Services 


* MW & F/O * Bidgs, Towers, Pwr Sys 
* CADIMDTIAYL/Paging + Structural Engineering 


Bus.: (804) 234-4 i0 P.O, Box 4874 
FAX. (S804) 239-4221 Lynohbusy. Virgima 24502 


FCC LICENSING SERVICES 


Call today (800) 284-1840 

for a FREE quote for all of 

your FCC Licensing Needs 
Years of Experience 


(318) 232-9610 * (800) 284-1840 
FAX (318) 232-2270 
3014 Cameron Street, Lafayette, LA 


MTIROTT 


CONMUNMICANIONS GROL 


RAYMOND C., TROT, P.E. 
President 
1425 Greenway Drive, Suite 350 
Irving, Texas 75038 


972/580-1911 * Fax: 972/580-0641 


OMNICOM, Inc. 


COMMUNICATIONS ENGINEERING 


GENE A. BUZZI 
PRESIDENT 


930 THOMASVILLE ROAD, SUITE 200 
TALLAHASSEE, FLORIDAI2303 
PHONE: (904) 224-4451 


PORTABLE 
PORTA'TECH) recrnicas 
SERVICE, INC. 


121 Crowell Lane * Lynchburg. VA 24502 


te) GE Portable Radio Service Depot 


Factory Approved Nationwide 
* Current Product Lines 


FACTORY TRAINED » Voice Guard Certitied 


TECHNICIANS 


FOR QUALITY SERVICE.” Public Service Trunking 


* Surtace Mount Technology 


Classifieds 


Professional 


rofessional services 


FREDERICKG.GRIFFIN, P.C. 


322 Vaterlrck Road 


Lynchburg, VA24502 


(804)237-2044 


NATIONVIDE COMMUNICATI 
Mobile Radio, Me 
“AD 


Consulting services 


THE PORTABLE DEPOT. 
KEEPING AVERICA COMMUNICATING FROSI COAST TC COAST! 
(@ixe FACTORY TRAINED TECHNICIANS » 
SURFACE MOUNT TECHNOLOGY « 
» FACTORY APPROVED NATIONWIDE « 
* EDACS & AEGIS « 
«VOICE GUARD CERTIFIED + 
* MPD, MPA, TPX, PCS AND ALL CURRENT PRODUCTS « 
Route 2, Box 338C * Lynchburg VA 24501 


Engineering the 
Wireless Spectrum 
since 1978 


MVIROTT 


COMMUNICATIONS GROUP 


We Rent Headsets... 
And Radios, Too! 


* Dealers Welcome 
™_ * Daily, Weekly, 
Monthly Rentals 
* Motorola Radios 
* RaceTRAC Headsets 


MOTOROLA 
RADIO RENTALS 


¢MT1000, GP300, P200 

¢ Intrinsically Safe 

«Full Line of Radio Accessories 
*Mobiles & Repeaters 

¢ 24-Hour Service 

* Dealer Inquiries Invited 


1-800-283-COMM 
EVENT RENTAL COMM., INC. 
e-mail; eventcomm @ aol.com 


MOTOROLA RADIO 


RENTALS 
NEW LOW RATES 
ATEL » Boston, MA 


C a ¢¢800-426-6852 


MAT Classifieds Call: 913-967-1928 


ERICSSON 2 804-237-3427 


RF Radiation 
Measurements /Compliance 


Call for additional services! 
972/580-1911 
Fax: 972/580-0641 


TrottGroup @ aol.com 
@eeeeseeee? 


e e 
1425 Greenway Drive, Ste. 350 * Ining, TX 75038 


e e 
$ Make §¢ 
° the e 
e eos a ‘ 
; . Se Pacific Cousatting Serviced 
; 60.377.5884 
e e anne = : ~aee 
e e + Specializing in Public Satety Communications 
+ Radio System Design Evaluations and Upgracles 
e s@ 2 
¥ + Needs Assessment and Analysis 
as) Se S * + Communication Center Layout 
RACING ELECTRONICS * 2 + Microwave System Design 
= 7 MRT 6 + Organization Design and Evaluation 
SClassifieds® + Project Management 
e 
e e E-mail: pes3@ix.netcom.com FAX: (360) 377-6144 
ecesoves 607 S. Charleston Avenue * Bremerton, WA 98312-4507 


PLANNING, DESIGN, AND IMPLEMENTATION 
OF TELECOMMUNICATIONS SYSTEMS 


Mobile Rade Systems 
Cellular and PCS Networks 


Dispatch Centers 


Addressing/Mapping 
Tower Site Specifications 


Feasibility Studies 


Vehicle Location Systems PSAP Design Full GIS Services 
Mobile Data Systems Procedures and Training Propagation 
Basic and Enhanced 9-1-1 Facilities Management Mappin 


Facilities Design Terrain iy itization 


Computer Aided Dispatch 
Electrical & HVAC Systems Database Design 


Telephone Networks 


1-800-247-4796 
RCC Consultants, Inc. 
10 Woodbridge Center Drive. Woodnndge. NJ 07095 
Offices Nationwide and International 


advertising 
puzzle 
together 
for you! 


nA Call 
Y Mobile Radio 
vo ‘Technology. 


™ 


“LCC 


Formerly RAM Communications Consultants, Inc 
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We Reach 

More Prospects 
Than Any Other 
Industry Publication! 


Contact: Michele Greer 
Voice: 800-347-9375/913-967-1861 
Fax: (913) 967-1735 


Giv 
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D H Marketing Company 


Manufacturers Representatives for 
Wireless Communications Products 


APaut Denwact - Cannot HouwinGswontH Company 


6015 Lohmann's Crossing, Sulfe 107 
Lago Vista, TX 78645 


Ph: 800-966-3357 Big ey poly erag) 


Tower site equipment 


It’s Dusk. 

Do You Know 
If All Your 
Tower Lights 


Are Working? 


§ frenlorng au site 


‘Automatically reports toa central 
computer for alarm notification. 


Hark Systems, Inc. 
.| 768 Travelers Blvd. 
Systems| Summerville, S.C. 29485 
QUENEEEES | (803) 875-4480 
1-800-367-4275 
Fax: (803) 873-5277 


CSIRO ps 


Naw SLIM 
B50mah Lmium-ian 
Bstlery uy d 
50": jess than EW 
(seso0os 


charging Lith 
AESSOSL 


L@ACceLE ELECTRONICS, INC. (562) 809-5090 FAX ane 809-1248 
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LITHIUM-ION BATTERY & 
LITHIUM CAR CHARGERS 


OUTSTANDING 
AQUISITION OPPORTUNITY 


Wireless Data/Radio Paging Co. 
with nearly 50% market share; 
10,000 active subscribers; 
and a full range of services. 


Why buy? 


To enter fast-growing wireless industry, 
aquire profitable, well-run operation 
and expand into new territory. 
Located in Alaska. 


Contact lan Joseph 
(714) 756-2200, ext. 1516 
Ref #137360 


| PAGING COMPANY FOR SALE | 


UHF ¢ 2-Way © RCC Channel 
451.150MHz 


P.O. Box 1407 
La Mesa, TX 79331 


City of College Station, TX is 
accepting sealed bids and may sell 
to highest bidder, “as is, where is” 
one ANTENNA TOWER, 
*® 250' self-supporting, triangular. 
® Mfg.: Advance Indus., 1980. 
* Top can support 
two 8-foot microwave dishes 
4 VHF antennas. 

* Professional inspection 7/94. 
Contact: City of College Station 
V. Kettler, Purchasing 
PO Box 9960 * College Station, TX 77842 
Phn: 409-764-3557 
Bids due by August 7, 1997 at 2:00pm 
Refer to BID #97-32. 


WIRELESS SYSTEMS 


SCI provides integrated solutions & on-gomsg sup- 
port to the wireless and cellular marketplace. 
We currently have Domestic and International 
projects in the following, areas: 


* Microwave = * Optimization/Tuning 

= PCS = GSM 

¢RF Systems == Autoplex 

* Propagation * Networking 

* Deployment * CDMA/TDMA 

* Domestic & Int'l Field/Customer Support 


* Switch/Software/Protocol Development 


| 
| Fur immediate consideration, email or 
fax your resume ta: 
4736 Main St. 
Lisle, IL 60532 
SC] Fax: 630/960-2993 
E-mail: sci@interaceess.com 


Suite 7 MRT 


EQE 


Radio Technicians 
Motorola MSS/Full Line Dealer of 27 years 
has immediate openings for 2-Way Bench 
and Field Technicians. Must have 4 years 
experience in installation, maintenance and 
component-level repair of major brand com- 
munications equipment. We offer excellent 
salaries and competitive benefits package. 
Factory Training Provided. Mail or fax 


résumé to: 
First 


Communications 
P.O. Box 2234 « Tallahassee, FL 32316 
Fax: 904-575-2867 


TECHNICIAN WANTED 
Full-line MOTOROLA Dealer seeking qualified 
technician. Trunking experience required. 
Mail or fax résumé to: 
WETEC 
1295 Highway 51 Bypass 
Dyersburg, TN 38024 
Fax: 901-286-6438 


TWO WAY RADIO TECH/SALES 


40-year-old GROWING Multi-line Dealer with multiple facilities in 
Indiana, Kentucky andArkansas has immediate need for Mobile & 
Portable Two-Way Technicians and Sales Staff with 2 or more years 
of experience on Motorola, G.E., Kenwood, Standard, LTR or similar 
equipment. FCC or NABER Certified. Full benefits, competitive 
wages, incentive bonus package, excellent working conditions and 


advancement opportunities. 
Send resume to: 


1-800-288-2430 or FAX: 1-317-248-0118 
COMMUNICATIONS MAINTENANCE INC. 


5601 Progress Road 
Indianapolis, IN 46241 
Attn: Personnel Dept. 
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| Employment | 


COMMUNICATION 
TECHNICIAN 


Continous Testing 


County of Santa Clara (San Jose, CA) 
seeks individuals to service two-way 
radio, microwave and computer equip- 
ment used in public safety communi- 
cations. Experience required, salary 
$3,461-$4,192 per month, includes 
County contribution to the Public 
Employees Retirement System for the 
2% at 55 Plan; and includes payment 
by the County of the employee's requ- 
lar contribution of approximatey 7%. 
Excellent benefits. 


For an application, 
please contact: 
Sue Jennings 
(408) 299-2711. 


Equal Opportunity Employer. 


POSITIONS AVAILABLE 
NATIONWIDE/INTERNATIONAL 


+ PCS / Cellular System Design Engineers 
« RF Engineers & Managers 

« Cellular Techs & Mars 

* Paging & Two-way / SMR Techs 

+ Facilities / Interconnect Engineers 

* Site Acquisition & Zoning Mgrs. 

» Construction & Project Mgrs. 

* Executives / VP's / GM's 

+ Marketing & Sales Mgrs. / Sales Reps. 
Send Resume & Salary Requirement 


ALL LEVELS OF POSITIONS FILLED GLOBALLY 
«Managers *Sales Technicians »* Engineers 
Employer Inquiries Invited 


eae Communication Resources, Inc, 


The Communication Personnel Specialists 
P.O. Box 141397, Cincinnati, OH 45250 


606-491-5410 Fax 606-491-4340 
E-Mail, Careercom@AOL.cun 


TWO-WAY TECHNICIANS 

GLOBE, ARIZONA; MSS SHOP IS LOOKING FOR TWO- 
WAY TECHNICIANS EXPERIENCED IN ALL MOTOROLA 
EQUIPMENT, INCLUDING PAGERS, PORTABLES, 
MOBILES, REPEATERS, BOTH CONVENTIONAL AND 
TRUNKING. NEW AND OLD 
WORK INCLUDES: BENCH REPAIRS, FIELD REPAIRS 
TOWER WORK, AND INSTALLING 
MUST BE FCC LICENSED. NABER CERTIFIED OF 
EQUIVA.ENT 
PLEASE SEND RESUME 10 OR CALL 

ROY D. HUDGINGS 

SHORES COMMUNICATION CO., INC. 

P.O. BOX 2626 

GLOBE, ARIZONA 85502 


PHONE: (520) 425-5870 


CONXUS” 


(Formerly PCSD Corporation) 


FIELD ENGINEERS 
FIELD TECHNICAL MANAGERS 


CONXUS™, a winner in the FCC narrowband auctions, is designing and constructing 
a nationwide communications system to offer advanced wireless messaging services. 


We are currently seeking individuals of top technical talent to install, maintain, test 
and repair network components for our transmitter sites. Positions will be avail- 
able in various locations throughout the United States. Tasks will include base 
station and local/regional terminal switching center installations, upgrades, 
inspections, preventive maintenance, routine and emergency repairs; identifying 


and resolving RF interference, RF coverage issues, network throughput, network 
RF and data transmission problems; resolving customer reported concerns 
affecting operations; and assisting sales personnel at shows and demonstrations. 


Minimum qualifications are a technical institute certificate in engineering technol- 
ogy, equivalent Military or job-related experience, two years experience in main- 
tenance/operations in two-way radio, microwave, paging, satellite or data trans- 
mission networks, a valid US Driver's license, satisfactory driving record, and a 
willingness to excel in an entrepreneurial environment. 


Qualified candidates should send a résumé and cover letter to: 
CONXUS™., ATTN: HR/FE/MR Department 
15 S. Main St., Suite 810 * Greenville, SC 29601 * FAX: (864) 241-8191 
Internet: hr@conxus,com 
EOE M/F/D/V 


INSTALLATION SUPERVISOR/ESTIMATOR 
NEW ENGLAND REGION 
Gabriel Electronics Inc. is seeking a qualified individual to fill a Supervisor/ Estimator 
position in the company’s field services division. 


The successful candidate must posses the following qualifications: 

@ Minimum 3 years experience in the assembly and erection of 
tower structures and the installation of antennas and coaxial cable. 
Experience in VSWR and TDR testing of antennas and coaxial cable. 
Ability to read and understand blue prints and erection drawings. 
Experience with preparing estimates. 
Willingness to travel throughout the United States. 
Familiar with general construction practices, concrete, excavation, etc. 
Coordinate and schedule subcontractors. 
Civil Engineering experience desirable. 


This position will require frequent travel throughout New England, inspecting completed 
job sites and gathering information from the field to be used in preparing estimates. Fre- 
quent overnight stays will be required. 


Please submit résumés to: HUMAN RESOURCES 
ZZ 
= : 
abriel electronics 


INCORPORATED 


P.O. Box 70 * Scarborough, ME 04070-0070 
é-mail: info @ gabrielnet.com 


Let Mobile Radio put the 


Ue efe| together for you! 


advertising 
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WE HAVE YOUR CRYSTALS 


@ IN-STOCK OR CUSTOM ENGINEERED IN-HOUSE 
Radio, pager, OEM crystals « Channel elements, tone reeds « 
100% state-of-the-art quality-control every step of the way 


@ PRECISION AND QUALITY- 30 YEARS 


A genuine U.S. crystal manufacturer since 1967 
« Knowledgeable and dedicated personnel * 
On-time delivery » Fairest prices * Call today! 


800-252-6780 |; 


TVB 
FAX: 405-224-8808 » http://www.sentrymfg.com “2 
SENTRY MANUFACTURING COMPANY 


1201 CRYSTAL PARK *PO BOX 250 «CHICKASHA OK 73023 


ROCK-SOLID CRYSTALS FIRST TIME, EVERY TIME: SENTRY 
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and Pagers from Motorola 


mm geo |. 


fey http.//www.pageco.com 
95 
491-9501 » fax 954- 
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PRECISION QUARTZ PAGER 


CRYSTALS 


OTOROLA « NEC ¢ UNIDEN 


1000’S OF FREQUENCIES 
STOCKED & READY TO SHIP! 


DECADES OF CRYSTAL MANUFACTURING 
FULL QUALITY CONTROL & AGING PROCESS 


*ALL SIZE ACCOUNTS SERVICED f= 
*LARGE QUANTITY SPECIALISTS 
* CONTRACT PRICING AVAILABLE 

enn CODE _. ORIGIN 
BREAKERS PROGHANMERS 


© MOTOROLA © NEC * UNIDEN * PANASONIC  EVERON » GIZMO ¢ NIXXO 
SACERHBD RIAIIC SHINWA 


yi 
re for-Fri BAM-SPI 
Mor-Fri BAM-SPM 
Int'l Calls ¢ Ph: 214-721-1621 © Fax: 714-721-1030 © www.pagecorp.com 


Company Checks 25or Credit Cards Welcome! 


/ Ask Customer Service for a Parts + Pricing Handbook! 
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SKY KING 1000 


Newest Digital Paging transmitter 
From $2,995 928—93945MHz 


~ SKY/RING 1000 oT, 

i on 

| ns DIGITAL PAGING TRANSMIPTER 
928.945 MHZ 


Performance Specifications 
AC Power Voltage 90-130v 
Frequency 47-63H2 
DC Power 13.8v DC, 5 amp Exciter 

5v DC, 2 amp Exciter 

28yv DC. 10 amp PA 
Frequency Generation Synthesized 

928-945MHz 


Channel Spacing 12,5KHz 

Spurious & Harmonic 

Emissions —80dB 

Frequency Deviation 5000Hz (max) 

Frequency Stability -05 ppm 

FM HUM 7 noise —40 dB 

Pager Signaling Digital, POCSAG/GOLAY 

Baud Rates 0-1200 bps 

Modulation type FSK 

FCC Emissions 16KOF1D, 15KOF2D 

Power Output Exciter; 120-400mW 
PA: 45 W min (selectable) 

Antenna Impedance 50 ohms 


Operating Temperature -30C to +60C 
—22° F to +140" F 


Dimensions 19°L x 5.25"H x 12°D 

Weight (Exciter only) 8 Ibs 

FCC Type Acceptance KZJJNBBS87 
Description 


* Programmable frequancy from serial port—easy 
program furnished 
Modular system design for flexibility and expansion 
* Easy to install, remove and maintain 
* You select the power output you need 
Adjustable output power: Exciter 120-400mW 
PA: 45w min (up to 300w possible with add-on PAs 
* High stability frequency oscillator 
* Direct FM modulation for digital transmission 
* PURC and simulcasting add-on features 
* Voice or code ID add-on features 
* 1 yoar parts & labor warranty 
* Made In U.S.A. with quality components 


Manufactured by: 
Sky/ King A&E Inc. 
330 Hwy 236 West 
Lonoke, AR 72086 
Phn: 501-676-2959 
Fax: 501-676-2475 


Bob Barnett, President 


Circle (104) on Fast Fact Card 


PCQAPAGERS... #4 Best Selling! 


“Pager Billing / POS Software 
Starting at $349.95! 

Call for Free Demo 888-341-0600 

BAM COMPUTER SOLUTIONS Inc. 909-468-0687 


Classifieds 


Learn to Recrystallize, 


» Align and Test Motorola Pagers 
From The People Who Make Them! 


eT oarn About seeriees 


STUDY LAND MOBILE COMMUNICATIONS 
AT HOME! 


38 Lessons written exclusively for Mobile 
Communications Servicing. $375.00 


Calf or write Mobile Training Institute 
for free information: 


1 P.O. Box 8278 


Lumberton, TX 77657-0278 
(409) 755-7838 


$ © Test and Programming Equipment Setup 


* Test and Replace LCD's, Vibrator Motors and Switches: - 
* The Basic Operation of a Pager and Paging System ; Equip ment wanted 


@ Availability of Motorola Accessories and Parts 


. * Motorola Services, Warranties and Technical Support : 
Resources available to You : 


Equipment Wanted 
Motorola, Johnson, Kenwood, 
EFJ, Uniden, Standard 


: Pager Care Fundamentals ; Buy-Comm-Co. 
: Video Program PREM EH : 1-800-347-4121 


: : 4 Volume VHS Video Set OTRAINING + FAX (602) 585-6900 


> Just ‘295° US Dollars Eat ste sre WANTED 


Used Service Monitors 
Call (800) 423-2565 
or In CA. (805) 251-2244 
Ask for Mike Winkler 


: andes Purchase Both Video & 
: plus shipping Training Class 
: SAVE *75° 


: TO ORDER CALL: 

“hie : PAGING TECHNICAL LEARNING SERVICES 
ee eee: PHONE: 561-533-3601 Sen aS 
® MOTOROLA Aaa USED SERVICE MONITORS 
=. —_ IFR/MOTOROLA/MARCONI 

408-929-2244 / FAX: 408-929-0962 


Message Tracker ™ CALL ME LAST FOR BEST CASH PRICE 
Paging System Monitor Pager repar 
Version 3,1 
Equipment for sale 
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* Decodes FLIEX™, POCSAG, ind Galay 
* Also available without FLEX option 
* Auto Format and Baud Rate Detection 


WE BUY & SELL USED PAGERS 
1-800-336-6825 


* Summary Statistics 


* Disk Legging and Online Review pf Data 


P.O. Box 460838 
Garland, PX 75046-0838 
Phone/Fax: 972-414-7198 

E-mail; KLTsupport@aol.com 


All orders shipped within 14 days. 


CENTRACOM II 
Reprogramming and Used Parts 


* Text Seareh, Capvode Filtering, and Alarms a & 
* Runs in DOS and Windows (3.1 or higher) > a Buy & “iy a2 Pagers N Cc ENTRACOM ll 
* Used with modified receiver anit computer a A Lowest at Rate s Butt ai b | 
© Minimum System Requirements . A Repair 5 -Buttons an apdels- 
* 66 MHs 486 for Windows ~ A Recrystal e 
; oa ear ae’ . 2% a Used Pagers Wanted x Engraved 
we . ert oO rv) ‘ 
K & 1, Technology F A Fast, Express Turnaround B Buttons 
a f 6 
a J 
a a 
a 3 
a & 
si 1.7 
s 5 
6 & 


D&L. Communications, 3512 Cavalier Dr Fi. Wayne, IN 
BEB BRERRRSRBRBRS BARBRA R ARRIBA 


http://members.aol.com/KLTsupport 


Prices subject to change without notice 
and subject to availability. 


NORTHEASTERN 
Communications, Inc. 
Waterbury, CT 06708 
(203) 575-9008 
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Equipment for sale 


HEAVYWEIGHT 
CHAMPIONS!! 


OUTDOOR SERIES 


INDOOR SERIES 


ve Rounded corners 
“ Powered textured finish 
“¢ Adjustable rally (ront to rear) 
*c Two doors with locking system 
+ Available in; two heights... 
AM) inches and 42 inches 
aud three depths,..17 inches, 
25 inches and 34 inches 


D.D.B. UNLIMITED 
THE CABINET PEOPLE 


800-753-8459 


||BOTH SERIES ARE 

vs SHIPPED 
VIA UPS 

NEMA RATED 


MADE OUT OF 
OUR OWN 
ALUMIFLEX 


ALUMISHIELD—Top cover protects 
cabinet from the sun's heat and 
falling ice 
Rails—Fully adjustable and 
alodine coated 

*¢ Doors—Front and rear doors secured 
with stainless steel padlocking handles 
Vents—lront and rear, top und bottom 
with filtered panels (included) 

“ Available in; three heights... 
50 inches, 62 inches and 78 inches 
and three depths...25 inches. 


34 inches and 42 inches 


Fans. A/C Units & 
Heaters Available 
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CLEAN USED GEAR 
GE: 450 Rangers, 110W, $550 Accy 
42-50, 150, 450 Delta, Mastr Il, Exees 
Consolettes: LB, VHF, UF, 800 
Execs, Della 
450 Maratracs, 100 Watt A2/A3 
T44, 64, 74 Mitreks. Micors, Syntors 
T35 Mitreks, Consolettets 
D34 Maxtracs & Maxar 80) 
HT: — HT440, MT500, HT90, P10, P100, more. 
Orders: 800-456-5548 
VersatTel Local: 307-265-950 
FAX: 307-266-3010 
http://www.trib.com/VERSATEL 


EAGLE TECH INC. 
96/97 CROWN VICTORIA - LUMINA 
BRONCOS-BLAZER-CHEROKEE 

Behind the Grille Speaker Brackets 

NO HOLES Drilled installation 

FULL UNTRAPPED SOUND irs 
FROM BEHIND THE GRILLE 


, WIG WAG FLASHERS 
Solid State Driven Relays 
100% Solid State Electronics 


5 Models ta choose from starting at $29.95 
Quantity discounts available. 


TEL: 1-800-414-3245 


199? 


SALES Y vertex SERVICE 


99 Channel Mobiles 
, Dual Band Portables 
Trunking 


Volume Discounts 


GLOBALCOMM 
TECHNOLOGY 
Orders:1-800-863-8625 {as 
Info: 713-729-2000 a 
Fax: 713-729-4141 


STATION IDENTIFIERS 


Q Morse code and Voice ID 
O 3 monitors and 3 timers 

OQ Several models available 
4 Special prices for a limited time 


RACO M 800-722-6664 


216-351-1755 


Area Meoe—iney wataty 
BASE, REPEATERS, PAGING TX 
928-950MH? Oigital Paging Tx 5-130y 
WOTOROLA Oesk Trac repeater VHF Ses rn 
WAOTORGLA 72MH2 Dktal Rec TAC 1072 AB 
WICOR A00MHz Base ple 35~125w ........ 
IMICDA 450MHr 250e BasaAptr 
WOCOR repeaters 20-375w. 
WHDOR 150MHz 33-50! 
MASTR | Base Rotr 60-100; 
MICCA 20-S0Mr2 100 BaseRetr ..... 
5 GE CELTARANGA ase DGTone L8, VHF, UHF 
GE EXIl BaseRptr Sw OB, VHF, UHF wal 
GE MvP JOw BaseMplr VIPURF SALE ¢ 
MOTOROLA MOCOM 70 St\v Base OB, VHT, UF SALE 


we 
wen 


u< 


wr 
o 


WAXTRAC 600, 16 channe. wscan 
scan 42-50MHr 


GE EX 25-50Mi. 60-100w 
DELTA 30-SOMH. 100w ..., 
MITREK 39-SOMMHs. BOW... 
MICOR 42-SOMHz, 100v 

5-1 


5 MITREKS 100w 4 freq 

3 SYNTOR 183 SRA 6-16 o 

6 PHOENIX SX 2-16 chan 

@ SYNTOA X 6-32 channwl, 110w ... 

0 MICOR 4-8 channel G0-116w , .... 2 
46 MASTR WB channel, 45-110w, STO & Digtal PLL... rom ....... 
30 GE WMP 4 channel, 45w,....., tranny 
30 DELTA S-SX 110w, 8, 16, 32 93 channel SALE tom... $ 
20 DELTA CRYSTAL 110w. 4 channe! SALE from 

9 GE EXI 35-100w 4-12 channel tom 

MOTOROLA PAC-AT } Sw motie receate som 


5 SYNTOR X T34VBI7JO4AK 8-32 chartries AQw 70M ..... 
SYSTEM SND) PAG-RT GKEASODGAASPOT for Syritor X ......... 
0 MASTA Il 45-100w rpeater builders 
MAXON SM-4450 16-channei scan. 40w 
MICOR 12 channel, 45w 
GE MVP 25-451 repeater byalder 


20 MAXTRAG 8007 {5-JSw '-10 System B-1-8-9 
10 MOTOROLA Privacy »250-S00-730-1000 Maarar 
10 SYNTOR & T4SVBI70HK 3hw 

1) GE EX 35, Car Mi PA 


B CENTRADOM Il S26 chanel sustem—several types 
MMASTR Il Voter Rac VHNUHF Low 

er Panel up to 6 foc carts .. ton 
MOTCASLA Tanz Remotes 11603-11389 mary alners ton 
MOTOROLA Tone Hernotes T-1617 4 systern, 4 uhaneel 
GE Mastaronirutes Tote & OC remo ton... 
MODAX 1000 carts akin 
GOOQMHz cavilias TX HX 411! 9 a1 ‘eler ed cS 
MOTOROLA STX ComenaCorn, ime. speaker 1S ap ton . 


AR 
ORDERS & BIOS: 800-423-3858 + FAX: 501-675-2475 
+ For Expanded List, updated weekly, look for us on the intemet. 
Address: HTTP:/www.bamettelec.com 
INFO: 501-676-5506 


= schator} 
ac MISA & MC Accepted, NO COOs « 
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PAGERS 
FOR 


LESS! 
1-888-GO-WETEC 


MOTOROLA 


Systeris Veale 


BUY & SELL 


#* USED MOTOROLA 
TWO-WAY RADIOS 


MASHIE COMMUNICATIONS 
408-758-9704 * FAX: 408-758-5104 
Attn; Dan Thornton 


Classifieds 


Equipment for sale 


UPDATER 


Unbelievable prices* 
on Motorola Radios:* 
e 


All radios include: 
High capacity batte 
1200mAH 


BUY & SELL: 
LTR-800MHz & SOOMHZz EF Johnson « Kenwood « Uniden 
MOTOROLA 


UHF * VHF = 800MHz * 900OMHz < 
* Mobiles * Portables * Repeaters = Amplifiers * Paging Transmitters 


ERIINARS wn tata cre eet Scvsons 
Fax: 972-562-7957 


GP 350 ¢ Standard rate battery 
¢ charger 
Action belt clip 
Antenna 
Operator's manual 
Factory warranty 


SSOCIATES, INC. 


Aitinowide sing ang of Used 
Two-Way Rado E: ! 


Mike Malone 
www.usedtwoway.com 


GP300UHF 
16 channels— 


GP300 VHF 
16 channels— 


GM300 
VISAR 
Delivery within 8 


* working days upon 
[Y Prices are COD* receipt of order 


¢ Send your order 
«+ NOW 
Shipping and freight 
insurance not 
included in prices 


Fax: 817-763-0810 
Phone: 817-763-803 
AMI 

applied micrologic inc 
NICOLE LARKIN 
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CMC ENTERPRISES 
2-WAY, MICROWAVE & TELECOM EQPT. 


Quantity Equipment List 


MOTORLA Slarpeirt 2000 96-channd vith hat-standby on... .... $2,090 ea.o 
Frag.: 2.1912, 2.1912 2.198. 2.188, 2.1816, 2.1316 and ottrs 
UINKURT 778F2 1.7-1.99 wih hol-stardby ..... $1,000 2a. 
TELLABS 6923 2w, FXS-SF-SIG SET... - $100 e290 
TELLABS 6924 2w FXO-SF-SIG SET $idd eas 
GRANGER OTL 7300 Channel modems with EAM Ssgnaling$t25 22.0 
(these are the ones with the whete pul handle and dip sentch progiamming) 
FARINON 1-6 6GHz with hot-standyy HOM ao 
ADC jacdields with plug-lype tear connections ........ $100 b2.0 
MOTOROLA Syntar-X 9000 mobiles 100w UHF vo 8400 02.0 
DIRECTOR It pagers with chiuepors WHF . . $20 82.0 
3 LARSE 12424 alarm panals vo» $100 22.0 
MC-400 Channel madems oo. coro . .. $80 2a, 
HTT A326 GGHz with hel-slandby a $1,000 ea. 
FARINOM FL1-2 4.7-1.9GHz (nem-stundty $640) with standby $1,000 ez 
1000 Assortec TELLABS telecom signaling modules SCALLS 
75 GTE LINKURT 464 channel modems : $100 ea 
80 ROCKWELL channel madams — " . $100 8 
30 DTL-7300 Shelves (add-on $125) start-up vows $USD @2 
Sb MGAOD TOF CAMS so esene sone «» S50 ea 
10 MOTOROLA Maxtrac 300 8-1... Seti chteedslead GOMOD 
10 TMX 4415 and MOS Gmark ‘ oe $150 ea 
25 MOTOROLA SYNTOR XX 100w UHF - $300 ea 
1 DICTAPHONE 5500 20-channel logging recorder $1,000 
MOTOROLA MMicor 42-50 PL, 3300... - $1800 
MOTOROLA Mitrek 42-59 PL, GOw = $125 ez. 
STX Canverta-Com wilh AF amp, speaker, microphone 80DMHy $250 es, 
MOTOROLA Directar Pager with charger and pads UHF flots of 1D—$75) (al sor $100) 
GE Master Il 400w 42-50 will ancessories 0...» $80 ea, 
© New Listingso 


Call Charles or James at: 910-769-2885 


hand held data 


WETEC 
1-800-249-1250 


® ' 
Radiuy NOBODY SELLS 


MORE FOR LESS 


e< ..Minnitennas™ 
day 
Upgrade to dual shield Teflex™ cable! 


ar 
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Equipment for sale 


2-Way Radio Earpieces with Mic!! 


Only $59.00 each! 
Quantity discounts available 


“The transmit & receive audio is perfect!” 
—Chris Anderson, Norwescon 


“A food product at a fraction of the Motorola cost.” 
—Sharpless Jones, Atel Radia Co. 


“It makes me feel like James Bond!” 
—Cheyenne Scott, age 10 


DEALERS WANTED 


Crystals 
Pager—$1.80 
Communication—$6.00 
OEM & Filter 


Channel Elements 
recrystalled—$ 16.00 


> Two-Way Radio Communications 
> New and Reconditioned Radios 
> Custom-Designed Radio Systems 
> Repair and Programming 

p> Consulting 

PURC Stations, High Power 


Low Band, 30-36MC, and 42-50MC 
UHF 450-470MC 


Fast Delivery 


cuemeks electronics 
9836 Monaco, El Paso, TX 79925 
(915) 533-4453 


Fax: (915) 533-4454 


En Mexico Ilame al telefono 
Cd. Juarez 
91-16-19-4667 
(Fax) 91-16-19-4795 
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AE CommSupply 
————$—y—_—_—_—_ 


tt 


ANDREW 


*HELIAX® Coaxial Cable 
«Connectors and Accessories 
*HELIAX® Cable Assemblies 
*RADIAX® Cable 


Battery Testers 


For Wireless Data or 
Cellular Sites 
24 & 48 VOLTS DC 


A/C D/C Load Banks & Power Cable 
Next Day Air Delivery 


Sales, Rentals & Leasing 
THERMAL ENGINEERING & 
EQUIPMENT, LLC 


(800) 881-7118 (410) 867-6773 Fax 
www.thermalengineering.com 


0 Quality Products 
0 In-stock 
0 Personal Service 


1-800-255-6222 
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ies MALE CHIE 
ew ELECTRONICS ¥siisnc 


URI Address: http://www.fls.infi.net/~mechem 
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(41@)) 
Klein 


(800) 959-2899 
fax: (760) 631-1163 


e-mail: info@kleinelectronics.com 


Massaponax Business Park 
3605 Loren Whitney Drive 


Fredericksburg, VA 22404 


100W CD, 30-36 Base Stations 

Centracom |! consoles 

CEBs and cards 

Power Supplies 

CIl Half Panels 

NEW Battery Maintenance Systems 
TPN9430A, TPN9431A 

' 6-Unit Charger Analyzer 


E-Mail: mechem@fls.infi.net 


Now, here’s a switch! 


GHARGEOUARD 


automatic [ON///AEG timer switch 
for wo-way radios, cellular phones 


EASY TO INSTALL. 


NO IGNITION SWITCH CONNECTION! 


PROGRAMMABLE. 


15 MINUTES TO 15 HOURS! 


Prevents Dead Batteries. 


MADE IN U.S.A. 
PROTECTS YOUR RADIO. 
SUGGESTED ONLY $74.95  cdiniiw 
12 AND 24 VOLT MODELS AVAILABLE 

CALL NOW FOR MORE INFORMATION! 
ASK ABOUT 

OUR NEW 
DEALER KIT" 


400 Highland Avenue ‘ 
Altoana, PA 16602 “ 
aol 


600-458-3410 Ce 
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| Equipment for sale 


Radiuy 


Repeat of a past monthly special made even better: 
SP10s at dealer cost, VHF, CSQ/PL; $144.00/$173.00— 
UHF, CSQ/PL; $161.00/$191.00. 
All units new, will all accessories, and YES, shipping and insurance are FREE! 
YES, FREE in the continental U.S. 


We sell to end users only, no re-sellers or dealers please! 


Request our used equipment list 
From your RADIUS LEADER, 


PROCOMM 


Information: 805-497-2397 e-mail: procommusa@aol.com Ordering: 800-497-2394 
805-494-5078 
805-497-3430 web address: http:/users. 24 Hour 
8:00am—6:00pm Pacific Time aol.com/procommusa/index.htm Fax line: 805-494-3115 


Where quality is #1, but where we want to be dead last when you call for pricing! 
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Get The Most From Your Two-Way aa. 
Radio System etrunk’s Piug-N-trunk? is Here! ial 


The ETrunk Plug-N-Trunk boards bring the benefits of moder trunking to 
Radius® SP-50 portables and SM-120 mobiles. ETrunk Plug-N-Trunk boards 

do not require any soldering to install. Just plug the board into the SP-50 or SM- 
120, and program the radio. Plug-N-Trunk boards are available already installed in 
the radio or as a board for in shop installation. 


Trunk Basic boards and Ultra2 boards are available for other models of Radius radios, 
Maxon, Uniden, and several other radio brands. 


Private Carrier Operations * Commercial Users 


EE RUNK SYSTEMS 0 Public Safety Agencies « Utilities acrotilt la ne, 


2400 Sand Lake Road « Orlando, Florida 32809 © (407) 856-1953 * Fax: (407) 856-1960 Call Toll Free: 1-800-438-7865 


Circle (115) on Fast Fact Card FOR SALE: Best Offer 


x TRIDENT TNT 120 
Zeer eemcce: | (pie ce | | | GRRe Re 
UF, VHF. 800 mobiles & portables, PAs Pe ee ea oe UNIDEN ARX780 
. * : + = vol 
Reasonable rates, quick turn-around Case included Easy to install/With ieee warranty LORAIN RLSOFSO 
DG200 $38 LORAIN DVC Changer 48-12 
GLENAYRE DVC Changer 48-12 
TELLABS 6919B Echo Canceler 
WESTELL 4324-01 
Call 208-785-1430 
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+ Eliminates battery failure/replacement 


9 

1 

3 

3 

1 

4 

TA RADIO COMMUNICATIONS aa Protects your radio & cellular phone 4 
7 

4 


700 S. John Rhodes Blvd. #C1 W. Melbourne, FL 32904 font 6475 o Family-owned and operated since 1985 
Ph: 407-725-4824 Fax: 407-984-9484 MADE IN THE USA 
200GG;efinet.ory + Web: wwenmaks webs comcom 2M) 


oak 
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Equipment for sale 


USED MASTER II STATIONS 


LOWEST PRICES AVAILABLE!!! 


A We Buy & Sell 
Ericsson GE Equipment 
A Used Base Stations 
& More! 
A Used Stations, Parts & PA’s 
A Best Pricing Available! 


LOW BAND. _ 

42-50 MHZ 100 WATTS SIMPLEX 

42-50 Mhz 100 WATTS UHF REPEATER 
VHF BAND 

150-174 Mhz 35 WATTS SIMPLEX 
150-174 MHZ 35 WATTS SIMPLEX 
150-174 Mhz 65 WATTS REPEATER 


150-174 Mhz 100 WATTS REPEATER 
150-174 Mhz 100 WATTS REPEATER 
150-174 Mhz 100 WATTS REPEATER 
UHF BAND 

406-420 Mhz 65 WATTS REPEATER 
450-470 Mhz 100 WATT REPEATER 


Bf 4a =XPRESSTECH 


D&L Communications, Inc. 3512 Cavalier Dr., Ft. Wayne, IN 


1-800-334-9653 


Circle (116) on Fast Fact Card 


ae 


NOW Featuring TELEX 


We Feature a Full Line of 
Headsets and Ear-mics 

HOLESALERS . We carry a large variety of Brand names such as: 
Antenex, Astron, A.W. Cases, Decibel, Jbro, 
Maxon, Midland, MX-COM, Tekk, Telex, 
TCC, TPS, Vertex, Relm, Ritron, Cable. 

« We have Flat Rate Repair Service. 

* We Do Installations of MX-COM boards 

¢ Your One Stop Warehouse for All Your 
Communications Equipment Needs. 

¢ Wholesale Prices to Dealers Only 


NICATIONS 


kg RCW IS NOW ON-LINE x 
FREE for qualifying dealers. Call or Fax 
Request for FREE Software & Access Code! 


(800) 726-9015 ¢ (612) 884-8352 
24 Hour a Day FAX (612) 884-8356 


CHECK US OUT ON THE WEB TODAY 
http:/www.radiocomm.com 


Circle (117) on Fast Fact Card 


COMPLETE CHANNEL LAND MOBILE RADIO BBS 
ELEMENTS ON YOUR Buy-Sell-Trade used radio equip- 


FREQUENCY FOR ment with hundreds of other 
$25 - $35!!! dealers nationwide. Call with 


ORDERS ONLY: your modem to register now. 


1-800-237-6519 | 
INQUIRIES AND IN LA: FCC Database 


504-361-5525 ONLINE 
Motrac; Micor, Mocom; Mitrek; Etc. Low Annual Fee 
MT's, and GE Elements. Call for No Per-Minute Charge 


prices. . The Commline BBS 
Any desired Frequency available 91 6-671 -9698 


for fast delivery. 
BAR-CODE PRINTERS 


Lifetime Warranty on Crystals 
Trade-in credit on your Old 
Channel Elements 

We Buy Used Elements 

Try us first. We always have your 
frequency available. 


NKX 


1814 Hancock St. 
Gretna, LA 70053 


July 1997 


OLFE 11 Bee ta beioe 
illings 1 
COMMUNICATIONS Phone: 406-252-9220 


Fax: 406-252-9617 


LOW BAND MOBILES 
MICOR 171, 42-50 
MITREK T51, 50w, 39-50 
MITREK 171, 100w, 39-50 .. 
MOCOM 70, U71, 42-50 .. 
EXEC II, 100w, 42-50 
MASTR II, 100w, 42-50 
silver handle 
brown handle, tested .. 
RANGER, 60w, 35-50, NEW 


HIGH BAND MOBILES 

MICOR, 45w, 132-150, Ham S ps 2 
MITREK T43, 43w, 12f, 150-1 
MITREK T53, BOW, 4t, 1BOLI74 m 
MOTREK 153, 2f 
MOTREK 173, 100w, 21... 
GE MVP, 20w, 3f, 150-174, tone 
DELTA crystal, 40w, 130-170 
DELTA crystal, 100w, 150-170... 
MASTR II, 100w, 150-170 

silver handle 

brown handle ... 


UHF_MOBILES 

MITREK on 420, 45w, 12f.... 
MARATRAC, 110w, clam she 

32channel, all accessories 
MICOR T44, 60w, 450-470, PL... 
MICOR T74 
MITREK 134, 450-470 .. 
MITREK 744, 60w, 450- 
MAXAR & MOXY D024, 15w, 
MAXAR, PL, 1f & 2f.. 
MOCOM 70, U34, 470-490, 11 
GE ae 20w, 1f, PL, 450-470 .. 


Above 1 DO NOT include accessories | 
BA 


MITREK L53 base 
MOTOROLA tabletops, all bands .. : 
MICOR, 100w, 30-36, continous duty PA, 

ribbon style 1.0 
MICOR UHF repeater, 

5-foot cabinet A 
SYNTOR tabletop, 12v, NO power supply .. 500 
MOTOROLA MSR 2000 

... Call for special ad price and further info 
MASTER Ils with PLL call for price 


Circte (118) on Fast Fact Card 


MOTOROLA 
= MICOR 72me BasaRepeater 
= MOCOM 70 100w Base, 30-36, PL 
= a00ne Base, Modal No LSSATB-6100AM 
# MITREK 110w VHF Base Stanon, direq. scan wigriotity, arrvate ine 
# MAXAR VEF Motle, pnvate lee 
* MITRIEK 100w Base Station, 30-40 MC PL, ‘ucial'remete contro! wing 
MICOR ! 10w VHF Base Stanon w/second racaivar 
MICOR SATELLITE VHF Rocewer 
MICOR VHF Matile 
MCCOM 70 ViiF Motul 
GENERAL ELECTRIC 
€ SERIES 100w Mobile, VHF, 4 Irequericy scan wiiccessonda 
MASTA PAO BaseSuibors 100W, your chesce, avo VFIFALPIF 
PHOENIX SX UHF Mobiles Orit naw. in 00xe 
* MLS UF Mobles 
MVP UHF Mobiles 
DELTA Low Band 100w, 30-36 a/Biron. aaconsarian 
DELTA VitF 1G0w Mabie wiccussionen 
EXECUTIVE Il VHF Vericla Papeatars 
EXECUTIVE Il Base. 50w, 90-J6mc, DC Haran 
EXEGUTIVE Il VHF iso, localienors 
RANGER 100w UFIF Motules wuccenscelan 
+ Braid New RANGER 100W UHF Moulles winccossonens 
PCS UHF Portables, B channal, OTMF, wichargors 
+ PLS UHF 16 greg. prorialtess. rand ney in tioxen 
+ PORTA MOBILE II VIF Pedant ate 
vas Camparatar 
Alb 100#mobins waccossarion . . 
* tasth IHligh Powar, rapeater, power sunplins 
* MASTR Il VHF comtuous-duly ampldiar, (Qbw 
Suitcase TO2310 Programmer, band now. wilt sanwaro and cublow 
KENWOODS 


TK2E0 VHF 4 freq, Sw ponanle NEW 
TK3GQ UHF 4 frag, 4 portatlo NEW 
TK?G2¢ VI4F 2-chnnnel, fiw inedoes, NEVE 
MISCELLANEOUS 
WILSON Wtf mabile waccessones: 
LapTop, ZENITH Model ZWL-0200-B7 wiry clourt, ssoaory eed cang cage me 
ZENITH VHS Vidoo Camera, lika now, cornplow a 
JOHNSON CA 1000 WHE Comnmuiy repent oF 
OB PAOD. Duplexes, OBAOSS. VIET 
DB PROD. Duplerer, DB4071 UF 


* NEW LISTINGS: PRICE CHANGES: 


“NO CODs" 
COMMUNICATIONS 
PO. Box: ‘Sbao * Manchester, NH 03108-5342 
Tel: 603-865-3004 


Classifieds 


Equipment for sale 


THOUSANDS OF 
MOTOROLA PAGERS, 
PORTABLES & 
RADIOS 
IN STOCK 


MOTOROLA 


Authorized Paging 
Systems Dealer 


MOTOROLA RADIOS FOR LESS 
WETEC ELECTRONICS 


° ® 
Radiuy 
e-mail your orders to: wetec1 @usit.net 


1-888-GO-WETEC (END USERS ONLY) 


9383 2 


MOTOROLA 


Authorized Paging 
Syslems Dealer 


Circle (119) on Fast Fact Card 


patible Metorela’ 
Radio Pre ogramm ming quipment 


BUYING ERICSSON-GE EQUIPMENT 
CALL OR FAX FOR QUOTE 
ZETRON Model 46 GEMARC, . ... NEW 

PD 686-6 VHF duplexers ... 
$825 Systems Control head 
RANGA Delta EDAC table-tep station .. 


8 


ba 


PE/MPX/PMIl new pans ......... vee Call with P/N 
PC202S VHF PCS portable winew ballery ... 285 
MVS VHF 150-174, 16-channel, scan. 285 
MTL UHF 4w portable w/charger 285 On Se 


MP1 UHF 4w tech. special ......... 
MPI 8-unit multicharger, checked .. 
RANGR 450-470, 100w, less accessories ......... 
DELTA-SX VHF 110w, less accessonies ......... 
DELTA-S VHF 110w, less accessories ................. 
DELTA-S 450-470, 100w, less accessories 
DELTA-S 42-50, 110w, less accessories . 
DELTA-S 42-50, 60w, less accessories 
MVS control panel 16-channel, scan ..... 
MLS-! control panel 8-channel, scan ..... 
MLS-t contra! panel 16-channel. no scan .. 
PCS PLS MPI speaker mic. .... ' 
MPA‘MPD MRK speaker mic. oo... eee 2 
OSTAO1 MVS desk-top station wo NEW cccsccau I 
MASTR II C-500 8-channel. wiscan.,....- USED . 
MASTR tl 150-174, 100W , no accassories . 
MASTR Il 42-50, 110w, wiaccessories .... 
S$-990 128-channel head. wiwarranty .... 
CH6SA1 MPA 6-slot charger NEW 
MPS/MPR/MPX/MPI/MPD Chargers ... 
NEW LONDON TECHNOLOGY 
231 Old Timberlake Road * Forest, VA 24551 
Tel: 804-525-0068 * Fax: 804-525-0078 


www.newlondontech.com 


2 
8 


ng Ada FULL LINE OF PROGRAMMING 

CABLES AVAILABLE 
NEW! GP-350 Cable 

RADIUS* SPSO. ...SCall 
Package Deat Discounts..15% 
GPI00/P 110, MTS0/P100, STX, 
Gemini. VISAR, JEDI, HTIMT. 
SABER, SPECTRA’, RADIUS” 
MOBILES. MAXTRAC”. and Moro! 


BEBBs 


RSBREaRER 


ond charge. 


acre 


* 
poranifinuernis? 


pole? 


ia queria 


CALL US FIRST 
at AIR COMM 
WHY PAY MORE! 


Used/Reconditioned Motorola, E/GE. EFJ, Kenwood, 


Circle (120) on Fast Fact Card 


Uniden 2-way radios and accessories 
—ALL FREQUENCY BANDS— 


PLUS 
“PL" and paging reeds/filters, TCXOS 
Call us last to sell any of the above. 
comm WEPAYCASH 


4614 E. McDowell Rd.Ph.: 602-275-4505 
Phoenix, AZ 85008 Fax: 602-275-4555 


USED RADIOS 
at Low Prices! 
* MICOR =GE 
* MITREK * ACA 
* PORTABLES = ACCESSORIES 
* TONE ELEMENTS 


* MOCOM 70 
* MAXAR = CHAYSTAL ELEM 
= RPTARS + BASE STATIONS 
Large Quantities + (817) 433-5452 


MOTOROLA 
GE—REGENCY—ALL BRANDS 


FLAT RATE $34.00 LABOR 


REPAIR WITH WARRANTY 
MTX DEMOS FOR SALE * NEXTEL TAUNKING ACTIVATION 


800-379-5957 
BUSINESS COMMUNICATIONS 
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Classifieds 


Equipment for sale 


CHANNEL ELEMENTS 
YOUR FREQ. - $20.00 


with trade-in/3 working days 


CRYSTALS 


MAXON, TEKK, UNIDEN/7working days 


Trlf BEST WAY 
TO GO TWO WAY 
uniden ZETRON VoCom Em! com 
MWAYAR SU & wiki Ces Br 


Channel Element HQ/Kirby Ent. 
4420 Kirby Rd. Cincinnatl, OH 45223 


1-800-237-9654 


FAX: 513/542-8870 


cushoraft LE ANT £XIDE StS 


SAMLEX\*@) [RAMSEY] gl SGA SmarTrunk S 
SOLAREX FBI JVO S%24cq0cae WREOM ADEMCO ROHN 
SyYscam KENWOOD CELWAVE Wk: 


Any Product... 
Always in STOCK !!!  Matencomewne.net 


1630 Paisano Dr. 
Tel. (915) 533-5119 
CALL NOW and Ask for Your Fax (915) 542-4701 
FREE Catalog 1997 El Paso, Tx. 79901 U.S.A. 


SERVICE MONITORS 
FOR SALE 
MOTOROAL A-2001/A $3,900 WAVETECK 3008 ... $2,800 
MOTORDAL R-2002/R .. 4,300 WAVETECK 30005 ... 4,000 
MOTOROL 1-2008/c ... 4.800 WAVETECK 3100s ... 5,000 
MOTOROLA R-2200/B . 3.800 CUSHMAN CE-50-A1 ... 3500 
MOTOROLA 9-2410/8 5.500 CUSHMAN 4000 .... 3.500 
IFR 500-4... 3.900 STABILOCK 4040... 5,500 
IFR 1000-A ....... 2,800 STABILOCK 4031 ... 10.950 
IPR 10008" nsec 3.800 STABILOGK 4922 ... 2,900 
FR 1500......... 7.500 MARCONI 29552967 ,.. 5.500 
IFR 1600 22.000 IFR 1200-5 6.200 


RF IMAGING & COMMUNICATIONS 
408-929-2244 FAX: 408-929-0962 
HTTP://WWW.BEST.COM/~RFIMAGE 


Circle (121) on Fast Fact Card 


*« PAGERS * PAGERS « PAGERS * PAGERS» PAGERS « PAGERS + 


MPMANUS yx 
OMMUNICATIONS 


S900MHz 
PURC 5000 
TRANSMITTER 
AVAILABLE 


* Pager Repair * Refurbished Pagers 
* Factory-trained techs * New Motorola & NEC Pagers 
¢ Fast turnaround * All freqs. available 

¢ All work guaranteed * Parts, accessories & 


We Buy Pagers 
“ONE CALL GETS IT ALL” 


400 North Fifth Street 
Blytheville, Arkansas 72315 
NEC Phone: (870) 763-6250 * Fax: (870) 763-6533 MOTOROLA 
E-Mail: memanus @ arkansas. net Authorized Paging 
Web Site: www.mcemanuscomm.com Sreiesnts Dower 


* PAGERS ° PAGERS « PAGERS » PAGERS» PAGERS ¢ PAGERS « 
Circle (122) on Fast Fact Card IFR 1200S w/tracking generator and 


OL PPM x-tal oscillator, includes solt 
case and telescoping antenna! 


SERVICE MONITORS 
FOR SALE 


* Marconi 2955/2957A service monitor .. 


COMMUNICATIONS SIGNALING 


Call 800-423-2565 or in CA 805-251-2244 


ICOM equipment bought, sold, repaired 
Friendly, competent service, 12} 
Dealer pricing to the trade. JCOM 


New R8500 and R10 recenvers now stypping( COM 
__ SWS Security {COM 
(\ (410) 879-4035 ICOM 


PABIMOPFPDTsABMOFYFPUV HIMOYPD 
QBUMOFPUVs:HIMOSPVs HIMOpPs 


LIKE NEW?! Purchased 1/95, 
S/N 14990. $7,500 or BO. 
(800) 495-2666 8—SpM. 


Sag & Sell 


Motorola, Uniden, E.- Johnson, Kenwood 
Two -Way Radios and Systems 


SERVICE MONITORS FOR SALE 
IFR 1500 (mint)-S5.900, 1100S-$4,200, 500A-$4,200: 
Motorola R2001D (NEW—never used)-$6,900 
R2002D (mint)-$5,900, R2600C with cell-S8,500. 
Fi26008-S6,900, R2008C-$3,900, 
R2210A-$3,900, R2E600C CBS-S17,900; 
Cushman CE6030-$3,900, CE50A-1-$2,600: 


15 G.E. Phoenix SX UHF 16 ch., dual pri scan. DTMF 
ernie $17Sea. 
15 G E Phoenix § 16 ch. DIMF mike, UHF $1t25ea 
1 MICOR B91RCB3106 300w, 45MHz ... $975 
2 MOTOROLA L658BB3100 on 151.895 $295ea 
1 JOHNSON 800MHz LTR repeater NEW ... $3,575 
30 G.E. MASTR II mobile, 30-36, 100w ..,.,... $100ea 
1 CUSHMAN Specirum analyzer CE16 ....... $1,975 
Lots of ofder G.E. parts, ICOM, VERSTONE .... CALL 
Call DAVE at 800-500-3055 
Box 462 + Faribault, MN 55021 


DELTA 
COMMUNICATIONS 


Marconi 2955A-$3,900, 2957A-S4,200 
New Motorola MSR2000 UHF 
100w repeater-$3,600 
USED TEST EQUIPMENT WANTED 


Amtronix 
Ph: 716-763-9104, 716-661-9964 Fax: 716-763-0371 
http:/Avww.madbbs.com/amtronix 


1-800-880-2250 
FAX: 972-278-5085 
Garland, TX 
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Classifieds 


Equipment for sale 


MB BA * 1918.000-135.975 MHz e 10 | ~ - AIRPORT 
SE Watt Output @ Performance on MOBILE 


TRANSCEIVER | ers oer ions oe tt res COMMUNICATIONS 


Rack Mounting @ Other Civil : 5 een 
: Aeronautical Radios © Mobile ® ia (MENTOR) 
e ERECT vrs we Radio LightControl ® Nav Signal One Channel Standard 


RADIO COMPANY Monitor/Alert ¢ Up ToG Channels Optional RADIO COMPANY 


Remote Comparator Display 


: a 
Gets Conto!l of Your Voting System! Biveedl HCP INS 2 WAS 
598 Garden Hwy., Ste. 16 * Yuba City. CA 95991 
Phone: (916) 674-7532 * Fax: (916) 674-1941 


* 


fe 
aa ot www. 2-way.com 
The Comm Line BBS: (916) 671-9698 
Comparator Interface pal USED EQUIPMENT SALE 
Module pall =MOTOROLA MAXTRAC 800 35w D45-85 


MOTOROLA MAXTRAC 600 D35-B1 

MOTOROLA MAXTRAC B00 035-65 

MOTOROLA MAXTRAC 800 035-86 

MOTOROLA MAXTRAC B00 D35-B7 . . 

MOTOROLA MAXTRAC 900 D37-B2, 2 sysiom ars 

MOTOROLA MAXTRAC 900 D2?-B3. 2 sysiom ... 

MOTOROLA MAXTRAC 900 027-B6, mulli-system ...... 

MOTOROLA MAXTRAC 900 D27-B7, multi-systam ... 

MOTOROLA SPECTRA SQ0MH2 D37KGASJBS5, wimic.. 

MOTOROLA SPECTRA 900MH2 D27KGA5JB2. wimic 

MOTOROLA PP-1000 full Guplex 600 trunked monile 

MOTOROLA TRAXAR 800 trunked mobiles (D35TDA56090DK) wio necessones 
MOTOROLA MOSTAR 800 trunked multi-system (vanous models) 

GE RANGER UHF 100w 16?-B w/S-550 scan head ......... 

GE TPX-B403 800MHz porabie .. ‘ 

GE CMX-8630 800 conv. mobile ... 

GE MASTR II aux rocotvar 42-50 M 

GE MASTA II 42-50 100w OC tase......... 

JOHNSON 8601 800MHz full dudlex mobile Exc LLENT CONDITION 
JOHNSON 8620 35w w/romote mount contrat head 800MHz 
JOHNSON CHALLENGER 7172 UHF 488-S12MHz wiaccessones 
JOHNSON 8600 BDOMH? LTA wiaccessories 

JOKNSON 8604 BOOMH2 LTA wiaccessones 

JOHNSON 8605 B00MHz LTA wiaccessones ...... 

JOHNSON 8610 B00MHz LTA wraccessoiios , 

JOHNSON 8615 800MH2 LTA wiaccessorlos 

JOHNSON 8640 SOOMH2 LTA wiatcesscries 

JOHNSON 8644 900OMHz LTA wiaccessories 

JOHNSON 9655 S0OMHz LTA wiaccessorles 

JOHNSON 8700/8710 800 LTR 

JOHNSON 8560/8565/8570 LTR B0Q/900MMz portanle 

JOHNSON 8600 series desk mics (tested) 

JOHNSON B00MH?2 LTR repeater ..... 

KENWOOD TK-930 BOOMHz LTR wiaccossories é 

KENWOOD TK-930HD BOOMHz LTA mobilo wi accessories ‘ 

UNIDEN SMS925TS SG0MHz LTR . F 

UNIDEN SMS93071S 9Q)MHz LTR . 

UNIDEN FMS 810TS HOOMH2 mobile . “0 
MOTOROLA STX CaonvertaCom wiamp and speaker ‘OTMF dis ple Ay mic 
MOTOROLA MTX-9000 portable B3 ...... 

MOTOROLA M7TX-900 H2SHFFS518 1/8264 9COMHz mu system portable 
MOTOROLA MTX-900 wiDTMF H25HFASIB4BN 

MOTOROLA MTX-900 Classic H25JBF51B4BN 

MOTOROLA MSR 2000 VHF 30w repeater 

MOTOROLA MSR 2000 VHF 30w baso 

MOTOROLA VISAA SODMIfz (no battery) . , , ‘ 
MOTOROLA MT-500) UHF 4, 41, PL, wit G00 signaling 
MOTOROLA 43MHz Purc Base C72JZ6-1106A ... 
MOTOROLA MICOR C71ACA31050T 42-50 100w repeater 
MOTOROLA MICOR 800 cory repeater 
MOTOROLA M4X-350 VHF Sw csq, less elamonts 


Remote Voter 
Display Screen 


Control Your Voter from Remote PC 
Cuts Costly Maintenance Time 
Finds Intermittent Problems Fast 
Reduces Receiver Downtime 

Logs Receiver Failures 

Modular & Expandable 


Call or Write for our FREE System Planner! 


LY Products ih... = 


Land Mobile Radio Solutions 


LE ¢ $/ 


* 
* 
* 
* 
* 
* 


LE SALE © $/ 


1211 West Sharon Road | 
Cincinnati, Ohio 45240 
(513)595-5900 
info@ctiproducts.com 


KLE ¢ $/ 


Circle (123) on Fast Fact Card 


WE 
BUY 
AND SELL 
USED 
MOTOROLA, Beane 
GE AND 3 MICOR Base, 460,111 
ERICSSON Ji coche Boss 
FM § 0 it 
TWO-WAY 


2>ALE ¢ $3 


KING 800MHz LTA portable LPX2103 
KING bank charget LAAO3BO (new in box) 
te BLE ° SALE + 52 Es? E52 Lt 
Circle (124) on Fast Fact Card 


ALINCO ICOM KENWOOD YAESU MOTOROLA 


Introducing NEW radios. Authorized Export Dealer 


Alinco DJ-190/19 1/680/V/U DR-130TE2/430/6 10/605 EJ-21D/21X/27D/18D * 

Motorola CP-50/GP-300/350/900 GM-300/350/900/1 200 ST-865/2/3/868-05 

Yaesu/Vertex VX-500/200/10 FTL-1011/2011/7011 YTP-20/VTM-20/VTP-40 
Upgrade or build your NEW local (hotel, office, small city) radiotelephone system today! 


0, 
pi PTSOD, 155MHe 
QO ea MINITOR | Pager 


Fayette St, i 
P.O. Box 395 im 
Denver, JA 
50622 
PHONE: 
(319) 
984-6115 


FAX: STK Radios, Models: H3SWPASI70 & H3SWKAS170 or 
(319) rir & Moma ae 
iw RADIUS; Bases, Mablien. Portables & 

984-6220 Repealers—all ranges Circle (125) on Fast Fact Card 


advertising information, call Michele Greer: 913-967-1361 


Controllers/base/subscriber equipment for SmarTrunk-H@® and MPT-1327 trunking formats. Antennas, 
Accessories, Modems w/GPS receivers, Power Supplies 220V in stock. Special products and full systems available. please 
inquire with your needs. Worldwide delivery, installation for large projects. Several forms of payment including VISA/MC. 


http://www.nsiradio,com E-mail: info@nsiradio.com 


30915 18th Ave, South “C” TEL: (253) 946-2426 Tealaxc (383-2)46-27-65 
Federal Way, WA 98003 FAX: (253) 946-8311 or Int'l, FAX: (206) 946-8311 


f fo ; NSI Ltd. To Order: (800) 977-0448 B Poccuu 380nsrre: 
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Classifieds 
Equipment for sale 


~ UW Le 


runkRepeater® 
U Trunk Repeaters make it possible 
to operate UHF/VHF LTR® trunked 
systems on non-exclusive frequencies. 


Synthesized PAC/RT® Compatible 
Zyl te : _PC Programmable 


We at U Trunk Repeaters proncered the successful 
combinauon of UHF/VHF LTR trunking and 
conventional users on the same channel, We 
licensed, constructed and hitve operated a d60MHz 
LTR” trunked system in Sun Diego, California, a 
high-density environment, since 1992 without 
causing interference Ww existing conventional co- 
channel users. 


U Trunk Repeaters offers a full line of turnkey. 
FCC approved, UHF/VIF trunking systems, Our 
systems ie murrowband and data-capable. Tele. 
phone interconnect and airtime billing opuonal. 


We are a full-service company providing FCC 
licensing, consulting, system engineering and 
design, implementation planning and installation 
of nuinkey systerns. 


~ UU LLL. 


runkRepeater® 
5130 E. CHARLESTON BLVO., STE, 5544 
(888) 2UTRUNK * FAX: 619-468-9270 


PYRAMID , ee 
COMMUNICATIONS (7 I 4) 901-5462 Fax: 901-5472 Ask about our lease-to-own program. 


LTR? is a registered trademark of E.F. Jonnson 


Circle (126) on Fast Fact Card Circle (127) on Fast Fact Card 


CELLULAR & PAGER LABELS 


Wireless... Remote... Control... Anything.. 


Xe Labels for pagers, cellular phones and two-way radios s 
Vane with your company's logo. Warranty labels for batteries. 3 £3} 
of Bar-code printing systems. =a a 


-4 


Call us for free samples. 


ars ADVANCE LABEL & TAG 
eae 1725 N. McDonald St. 
A Lie nice, IX 75069-8230 


1-800-466-5345 FAX: 972-548-2518 972-542-5345 
“Our years of experience are your best Insurance” 


We now have Flex 


capabilities in all of our 
3-337-48 
3-33 


Technically, we are on 
solid ground. You have 
the wireless application, 
we have the solutions. 
WIRELESS 
3 
BU; 


PageTap, Inc. 
Q3 


faux 


http. www.pagetup.com 


tele. - 


Ei at @ 3) SERVICE: you deserve it, you'll get it. ioaw eareens 


Quantity Pricing Available on: Distributor for: 
* Mobiles TELEWAVE 
* Portables Site Management . 
* Conventional | RF] FOR 


Authorized Distributor —* Tunked Connectors & Cables MOTOROLA 


: es * Accessories 
Mobile Communications SAMLEX 


radio sales to Power Supplies 


dealers only WHELEN 
It's the bottom line that counts, °3'8ty & Warning 


PART NUMBERS 
cALL Branco PALSTAR, Inc. 


OLESALE PRICING: 1-800-548-2484 [Seal Binders MB 
Circle (133) on Fast Fact Card 
* BOARDS * STRIPS * ACCESSORIES ¢ ELEMENTS * REEDS « 


PC!i — PEKAAR COMMUNICATION INC. 
§ Specials of the month $ Steve's back, formerly of Gregory Electronics Corp. 
GE DELTA Motiles—hi-band, 40w. crystat-style, (ess accessories 3 SPECIAL 
MOTOROLA MAXAR Mobites—hi-band, 150 renge, with 2 sores . SPECIAL 
GE DELTA S ot SX Motile—110w, ti band, 150-170 range wiaccessories .. ‘ 
MOTOROLA MX 350 Ponadies—Mouel K44 AAU 11408 4 leq. TX-475MHz (x 472MHz 
GE RANGER 150 Mabile—Hi-hand 40w with accessones Bete 


And « 


1T13S « 


fiery... . SPECIAL $I 
ns é , $ 190 


GE MPD-MPA ConvertaComm chargors with mic. and cablo a . $100 cn 

GE MPD Portables—470—490 range progiammabic $95 

Coss $200 ea 

MOTOROLA MX 350 ConvertaComm chargers with cable § = $18 

GE PE Ponabtes—Hi-band or Low-tand seeps sone ASIS .. SPECIALS tar $99 
Catalog Available if you can’t find it, try us! Call (201) 772-0704 


* J0VuL « 
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Classifieds 


Equipment for sale 


BUY -SELL - TRADE 
Quality used equipment such as Motorola, 
G.E., EFJ, Midland, Radius, Etc. Contact } 
} us when you need equipment or when you |! 
have something to sell. Replacement 
parts and units of all types available on 
short notice. 

GET ON OUR MAILING LIST! 


(Please mail or FAX us your letterhead) 


MDM Radio, Ltd. 


1629 B North 31st Avenue 
Melrose Park, IL 60160 


Tel. (708) 681-0300 
FAX (708)681-9800 


LOW BAND SPECIALS 42-50 
110 Watt Rangers w/$550 
110 Watt Delta-4 w/$550 
110 Watt Execs & Mastr Il 
250 Watt & 110 Watt Mastr Il Bases 


GE: 


MOTO; 110 Watt Maratrac A2/A3 


110 Watt Mitreks, Micors 
PLUS MUCH MORE, CALL! 
Local: 307-265-9500 


FAX: 307-266-3010 


http://www.trib.com/VERSATEL 


Orders: 800-456-554) 


AMERIC; 10 EXCHANGE 
no Tere ities 
bL 
Puay cel MiG2 
» PAQCHDAL oS 
Pet 
PO 
PasQne 
Pasa c 
Psyc 
PAV PC MAD 
PUAMGC20C2 
PUAMCIC ON ABST : 
IWR DCUAAS .., Sw, 6 eh, 1 ale cupeneen pois 8D 
HOUISDCYAAT.. 
HIIGNO EM z 


AW H0 oe 
Lin 134 
sty-470.. 


13s 31 
ho 3384470 wn. 
1. GiPS30.... 
1. HT bane 
tHE UuG 

a PSO 

S PAD 

+ GMS 00 
? UNIDEN 


wee BUY Sa 1 PE ADD. AL S') OV a+ 
waa BLY [le UD Tr: IDITIONAL 10% OFFla ee 
see YING L ARCA Went ANTITIES* CALL FOR PRICING! +4 
CALL. TOLL PREE: 888-260-7368 
FAX ORDERS TO: 310-312 5437 


BUSINESS RADIOS 


30 MOTOROLA SPECTRA 800 modal FC-7 oo 
. COMPLETE . $550 
MOTOROLA SPECTRA UHF 100w ; 

.. full remote head $625 
SYNTOR XX9000 UHF model #T99. kx! O37w $150 
5 PP1000 and 1000Xs BOOMHz $200 & $300 
MTX 9000 B-3s, B-Ss, B-7s - $300. $400. $500 
NEW MTX 9000, 8000 batteries, NTN7143CR ... $45 
NEW MTX 9000, B000 shoulder mics NMN6191B $57 
NEW MTX 9000, 4000 swivel holsters NTN72442A4 $40 
MTX 800, 610s six channel : .- $200-$400 
MTX 810, P200, HT6G0 microphones NMN 6145B . $55 
MTX 810, NT1000 battenes, NTN54478 0. $40 
MOTOROLA VISAR UHF wih battery and charger $550 
20 MTX 900 with anc without key pads - $30-$375 

10 STX 800 with new chargers .. x 
11 STX 6-unt chargers ... 
| SABER charger. G-unil 
9 GP300 batteries. NEW 
| MOTOROLA 900 pure, low power 


LEE WRIGHT: 770-461-1827 


AE-1... ANI / ENI* 
High Speed DTMF Encoder 


The AE-1 is a High Capacity MICRO MINIATURE ANI/ ENI DTMF ENCODER designed into a 
micro computer to generate the most precise, clean and transit-free DTMF signal...ever! 

The OPTIONS and POSSIBILITIES of the AE-1 are ENDLESS! 

Being familiar with the PIPO ANI VER 4.0 features, any OTMF string configuration of 
pauses, waits, delays, speed adj., xmtr ptt, memory connect and more are possible. 
Superb engineering and surface mount components allow this unit to fit into the 
smallest radio, hand held or even a microphone. 


FEATURES EASY PROGRAMMING 
¢ Non-Volatile Memory * Field Programmable 

* Micro Miniature Jack / Plug W! AE-t Programmer 

5.10, 20 DPS Or Custom Time Base * PC Programmable 

* ANI) ENI 90 Digits Eech W/ AE-1 PC Interface Box 

*9-26 VDC @ 5ma * Free Factory Programming 1-5 Units 
* Mic Mute / PTT Output * Re-Programmatle Anytime 

*1 kHz Tone Feature * ANI. Automatic Numbor identification 

* CW ID Option + ENI,..Emergency Number Identification 


e e & 
Pipo Communications 
Emphasis is on Quality & Reliability 
P.O. Box 2020 ® Pollock Pines, California 95726-2020 
Circle (128) on Fast Fact Card 


G 


DISTRIBUTORS OF MOBILE COMMUNICATIONS EQUIPMENT 
Largest Inventory * Quality Service * Fastest Delivery & Best Prices 
We service most makes and models. Reasonable Rates! Fast turn around. 15% discount on service parts, 


Programming available—Guaranteed same-day turn around! 
GE Kenwood Midland Yaesu/Vertex Maxon Most Motorola 
Ritron Standard Uniden Bendix/King Johnson 
5157 Anton Drive * Madison, WI 53719 » 608-271-4848 » FAX 608-274-2080 


“<2 800-356-3200 


www.gencomm.com 
Circle (129) on Fast Fact Card 


Qty. Pricing Available 


or FAX 916-644-7476 


At 
Wholesale 
Prices 


GENERAL 


Direct COMMUNICATIONS 


SERVICE 
ADIAUAS 


Mobile 
Communications 


1467 LEMAY, SUITE 111 
TX. 75007 


75-7859 
FAX 972-242-0959 


MARKETING INC. 


Circle (130} on Fast Fact Card 


SELLING: Handheld Repeater Controller 
Transmitters caeiaiiaiaaers 
onverl any han e or 
Receivers mabile radia into a simplex or se di 
Ideal for setting up short-term bn pew 
emergency service repeaters ii 
at remote locations or disas- Www.spectrum-usa.com 


Links duplex repeater system. 
ter sites. SPECTRUM Phone: 800-566-2788 « 


H-MC&E Inc. 


770-242-8979 « Pat Fooks 
if | don't have it! I'll find it! 
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Classifieds 


Equipment for sale 


AVAILABLE FOR DOMESTIC & FOREIGN SALES 


VHF, UHF LTRe Trunking 
Mobile & Portable Vertex Radios 


Trunking & Conventional operation 
Installed or boards only available 


FCC Type Accepted ... Three Year Warranty ... PC Programmable 
CALL FOR PRICING & INFORMATION 


GENCRON ENGINEERING, INC. 


Ph: 800-556-8866 m Fax: 619-792-6688 
P.O. Box 910225 m San Diego, CA 92191 


LTA® Is the regislered \rademark of E.F, Johnson Co. Vertex is a copyrighl trademark of Yaosu USA 


~ 


Circle (131) on Fast Fact Card 


MOTOROLA RADIOS 
RADIUS — RADIUS — RADIUS 


Tons in stock at USA's lowest prices 
SP50—P110—GP?300—SM50—SM 120—M120—GM300 
will absolutely be SHIPPED TODAY! 

Full line of previously ownedtrunked & conventional radios 
HT600/ VISAR /HT1000/MT2000/ MARATRACS/ 
TRUNKED 800 & 900 SPECTRAS/MAXTRACS/ 
PP1O00X/ MTX / MTX8000/ VISAR/STX/ EXPO 


RADIO EXPRESS INC. 
OFC: 800-545-7748 FAX: 703-830-8710 


All major credit cards accepted 


Circle (132) on Fast Fact Card 


Tower services 


SOUTHERN NEW ENGLAND SITES 
Just erected—Prime sites filling up fast! 
Customer-friendly staff and many extras. 


Ledyard-Norwich-New London 
41-27-44 72-01-27 

AGL 350' AMSL 665' 

Between Foxwoods and 
Mohegan Sun Casinos 

460 feet above average terrain 


Hope Valley 

41-31-36 71-44-35 

AGL 217' AMSL 427' 
Covering Southern R.1. 
Good 95 coverage 
Wyoming-Hope Valley 
(New Spring '97) 

41-31-25 71-41-03 

AGL 180'AMSL 300' 
Junction of At. 95 and 138 
Great to fill in black hole area on'1-95 


RED WOLF BROADCASTING CORP. 


26 Woody Hill Road» Hope Valley, RI 02832 
401-539-8502 » Fax: 401-539-0645 


ANTENNA STRUCTURE 
REGISTRATION SIGNS 


FCC ANTENNA 
STRUCTURE REGISTRATION 


1234567. 


610-458-8418 voice or Fax 


Call for information and product (ist 


FCC Sign Required 
for all towers over 


200 Ft tall - 17.4 (g) 
12"X18" sign $75.00 


DER Arcenna Products Thomas Moyer 2 bryan Wynd Genmooe PA 1504] 


Computer software 


New! °C Radio Monitoring Software 


FEATURES & APPLICATIONS: 0 Two-Way Service Shops 
© Uses Low Cost Radios o Hourly, Peok & Total Statistics 0 Traffic & Loading Studies 

6 Spectrum Anolyzer 0 DBase Stovistics Files 0 Coottinution, Find Quiet Freqs 

6 Tactical Display orang, Air Time, Call Count a Public Sofery Command Post 

0 PL/PDL/DTAF Logging o Highest Performance 0 Commun ty Repeater Logging 

@ High Rote Sampling o Dual Redio Handoff 0 TY News Desk & Vans 

0 Conventional Scanning o Run 10 Radios Concurrently o Emergency Resgonse Tecms 

0 Windows™3.1, 3.11, 95 ¢ Optional GPS & Remote o Surveillance & Countermeasures 


Signal Intelligence Download from BBS: 1-408-258-6462 or 
08-926-5630 FREEDEVIO Internet URL: hittp:/Avww.scanstar.com. 


** WIRELESS SOFTWARE ** 


Save time designing, optimizing 
and managing Wireless Radio 
communication sites: 
- Intermodulation interference Analysis 

- Transmitter Noise Analysis 

- Receiver Desense Analysis 

- Signal Level Analysis 

- Communications Site Design 


Service - Sales - SMR Billing 
Pager Billing - Accounting 


Computer Resources, Inc. has the 
solution for all types of two-way radio 
billing and management problems. 


Systems are available on DOS, Novell, 
Lantastic and UNIX, The CRI system is 
modular and completely intergrated. We 
can provide complete solutions including 
software, hardware. and training. 

205-987-1523 / 205-987-1709 FAX 


- Site Management Database 
- Equipment Maintenance and Inventory 
- Desktop Mapping and Data Products 


COMSITE 


CALL 800-845-0408 or 904-656-8673 
http://www.polaris.net/—douglas 


Circle (134) on Fast Fact Card 
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Call Michele — 
800-347-9375 


Classifieds 


Computer software 


RFCAD™ Runs “What If” 
Scenarios in Minutes 
Instead of Hours. 


Run Comprehensive RF Propagation 
Studies in Windows”. 


RFCAD™ 1.3 propagation studies show 

attenuation. due to land use/land cover, 

buildings and obstructions, as well as other 

RF characteristics based on digital data files. 

* Multiple models available, Longley-Rice 
and Biby-C 

¢ 3 arc second and land use/land cover 
data available 

* Produce maps with multiple site analysis 

Run propagation studies in minutes, not 

hours. RFCAD™ 1.3 is fast, user-friendly 

and available by geographic area. 


For more details call 


1-800-441-0034 


C Communications 
>) Data Services 


Incomporaled 


Leaders in wireless products 
and services since 1983 


Circle (135) on Fast Fact Card 


Radio Propagation Software for PC's / WINDOWS 
e LMR Predicted Area Coverage - Multi-Site Composite Coverage Maps 
¢ No Radial Generation Required - Real Time Propagation Study / Profiles 
e DXF/ MIF/ BMP File Formats For AutoCAD, MapInfo, MapExpert 

¢ Multiple Propagation Models - Longley-Rice, Okumura, Field Strength 

e VHF - UHF/ Microwave Point-to-Point Path Profiles and Link Analysis 
¢ 30 Meter and 3 Second Terrain Data - Entire USA On Single CD-ROM 


Micropath® Corporation 

2023 Montane Drive East @ Golden, Colorado 80401-8099 
Tel: (303) 526-5454 @ Fax: 526-2662 @ BBS: 526-2723 
e-mail: microinfo@ micropath.com @ www.micropath.com 


Repair services 


(Vreyce)-(e] m4 | = $40.00 FLAT RATE 


PLUS PARTS & SILIPPING/HANDLING 
TWO-WAY RADIO & PAGER REPAIR PLECTRON & INSTALERT MONITORS 
FLAT RATE LABOR PLUS PARTS ON ALL REPAIRS ces ee 
. TWO-WAY REPAIRS ALI. MAKES & MODELS 

*PAGERS oo ceccesecesees $14.00 O GTOROLA SENITOR I PAGERS 

* PORTABLES & MOBILES $39 $40.0U/HR. PLUS PARTS & SHIPPING HANDLING 

* Quick turn around = Free return shipping * 

» Factory trained & FCC licensed techs +» 


Alzcom 800-567-5636 - 


Frew stupsuig only or igs 10 


FAST TURNAROUND, FCC LICENSED TECHNICIAN 
VISA - MASTERCARD - COD 
CENTURION COMMUNICATIONS, INC. 
492 N, DELSEA DR. PH: (609) 794-8000 
VINELAND. NJ 08360 FAX: (609) 794-9H9 


WW CRN TOMIDNE DAE 


oe eee we 


To Your RF Coverage 
and Site Management 
Problems... 
On your own PC! 


Whether microwave, multi-site, or field strength, coverages, our Terrain 
Analysis Package (TAP)™ helps you understand everything from dBu to 
3-D plots and site management software. Give us a call and we'll tell you 


Call for free brochure & demo disk. 


SorrWaicur, LLC 

1010 So. Jouiet St, Surte 204 

Aurora. CO 80012-3150 USA 

Tet. (303) 344-5486 

Teve TAP (BBS); (303) 344-5378 (9600, N,8,1) 
Fax: (303) 344-2811 e-mail sales @softwright.com 


Circle (136) on Fast Fact Card 


Repair services 


3 5 Flat Rate 
Plus Parts 


% Fast Turnaround 
* Motorola Portables 


Increase your profits through 


Radio 


800-245-4310 
Fax: 573-472-1889 
Circle (137) on Fast Fact Card 


=.) MOTOROLA ; 
—] Authorized Service sorereis 
* Authorized warranty Service 
© Quick Turn Around 
© Fla! Rate Repair Available 
* Free Estimates 
* Quantity Discounts 


COMMUNICATIONS SOLUTIONS 
800) 305-6471 
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Classifieds 


Repair services Tower space 
A AT, Communications 
Corporation 


Did You Say... 


"No Site Aequisition Cost?" 


AAT understands /~*;"~ 
your needs of | * 
network imple- 
mentation, and we =e 
are dedicated to 
making the site 
acquisilions and 
management pro- 

cess easier, Choose 

from our valuable 
portfolio of over 

3,000 sites, and if it's not in our inventory, we'll 
acquire il for you. 


Two Way/Paging Test Instruments 


Sales of New and Used 


Get Your Test Equipment Needs 
From Service Professionals 


We Take Trade-ins and Buy Used Monitors 


NS Electronics Service, Inc. 
Repair and Calibration 3610 Dekalb Technology Pkwy. 
of Communication Suite 110/111 
Service Monitors Atlanta, GA 30340 

Telephone: 770-451-3264 

Fax: 770-458-8785 


Triton 
Electronics, Inc. 


SERVICE MONITOR 
REPAIR & CALIBRATION 
Exclusive monitor repair since 1973 
NIST TRACEABLE 
Cushman, IFR, Motorola, Marconi 
Also, Voice Logging Recorders 
4300 Lincoln Ave., Unit 0 

a Rolling Meadows, IL 60008 
‘ummm(847) 934-6426 Fax: (847) 934-7195 
* Visit our Website: http://www.tritonelec.com * 


AAT Will Put You 
“ON TOP OF THE WORLD” 
PCS Compatible Rooftop andTower Sites 
PARKSIDE CORPORATE CENTER 


292 Fernwood Avenue, Edison, NJ 08837 
For more information contact: Marketing Ext. 28 


800-551-SITE © Fax: 908-417-4825 


man Site Management am 


[este here INC. = 


Over 125 sites in inventory 
California, DC, Maryland, 
Massachusetts, New Jersey, 
New York, Pennsylvania, 
Texas and Delaware 


Loudoun Communications Inc. 
Communications Systems 


REPAIR DEPOT 


Quauity Service on Microprocessor-BASED 
Mosites, PortaBLes anp Controt Heaps. 
SURFACE MOUNT REPAIR. Most REPAIRS $70 PLUS PARTS. 
FREE ESTIMATES. 


Warranty Service Available On: 
Ericsson/G.E. * Kenwood 


585 Factory Shoals Rd. 
Austell, Ga, 30001 770-948-9566 


Tower space 


Northern OHIO Prime Sites 


Akron * Cleveland * Wadsworth « Kent 


AKRON-CLEVELAND 41°08'45"N 8 1°30°39"W 

AGL: 494ft — AMSL: 1.535ft. 
WADSWORTH 41°02'43.6"N_ 81°43'47.1"W 
AGL: 0 
41°06'30.55"N  81°28'41.0"W 
AGL: 285ft, _ AMSL: 1.468. 


Mike Krieger Tower Sites 
(330) 929-2929 or V/M (330) 290-4990 


Michi es Raclio 


Site Acquisition, Development 
and Management 


MicroNet Inc. 
2370 York Road, Bldg. B 
Jamison, PA 18929 


(215) 491-7400 
(800) 220-7400 
Fax (215) 491-0260 


http://www.towersites.com 
Contact Dave Sesso_ _—i| 


NEW 500-foot tower 
in Central Missouri 
at the 
Lake of the Ozarks. 
Great rates. 


Call Ken 314-239-6800 


Resco TOWER 
COM PAN Y 


Sites available 


| in 
| South Carolina 


ARIZONA’S PREMIER 
TOWER FACILITIES 


Contact Rick or Charlie Bonifasi 


ANTENNA SITES, INC. 
800-346-7224 


Call Miles McSweeney 
803-686-6686 
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Classifieds 


FEDERAL GOVERNMENT 
ROOF TOPS AVAILABLE 
FOR ANTENNA SITES 
Contact U.S. GENERAL SERVICES ADMINISTRATION 
1. VT,NH, ME, MA, CT, RI (617) 565-6727 


2. WY, NJ, PR, U.S. VIRGIN ISLANDS 
(212) 264-6749 
3. DE, MD, VA, (Except metro Washington, 0.C.), 


PA, WV (215) 656-5854 
. AL, FL,GA, KY, MS, NC, SC, TH (404) 331-3105 
IL, IN, MI, MN, OH, WI (312) 353-3299 
3 (816) 926-1198 
(817) 978-3746 
(303) 236-1770 
(415) 522-3304 
(206) 931-7718 
(202) 260-0692 


OR: http://www.GSA.GOV/PBS/ANTENNA.HTM 


NEED TENANTS?? 
Advertise your sites in the 
NATIONAL COMMUNICATIONS 
SITE DIRECTORY 
Dedicated to advertising antenna sites for lease 


NEED SITES? 


The NCSD contains thousands of prime 


11. DC and nearby MD and VA 


antenna siies, all wah space for lease 
Just $25 per year For information call: 
Tek: (908) 462-5964 Fax: (908) 308-4633 


Chicago Tower 


Atop Sears Tower 
World's Tallest Building 
2-Way/Microwave 


800-722-1496 


TOWER TECHNOLOGY 
CORPORATION 


We have the finest, professionally managed 
antenna sites in Florida, Master Antenna Sys- 
tem for UHF & 800 MHz using 31/8" hard line. 
Four window tower top amp. If you need an- 
tenna space in: 


Jacksonville * Tampa Bay * Sarasota/Venice 
Lakeland * Sun City * St. Augustine 
Contact: Bruce Mcintyre 


(843) 854-1518, 105 H Dunbar Ave. 
Oldsmar, FL 34677; FAX: (813) 855-1969 


TEL: (847) 823-7713 
CHICAGO TOWER 
LEASING CORP. 
COMMUNICATIONS 


P Ps. | 


-’ TOWER & ANTENNA 
SITES FOR THE 
METROPOLITAN CHICAGO 


STAN STANN 
AREA P. O, Box 31160 


CHICAGO, IL 60631 


| Tower space 


A 
me 
Ny 
KO 


xX 


Choice California 
Antenna Sites 


e Stand-by Power / Air Cond. 
¢ Continuous Monitoring 
« High-Security Access System 


Good 


Reasons to ‘q Meridian | 5% 
Call Us for \Communicasons(S 
Creat sites, great service, since 1956 J] 


Antenna 
Sites in 
California 
102 sites available now 


+70 sites pending = 
172 Califarnia Sites 


Diablo Communications, Inc. 


Northern California—Pt. Richmond: 510-236-3803, x227 
Fax: 510-236-1741 
Southern California—Burbank: 818-842-5000 
Fax: 818-842-5335 
Call for FREE site brochures or see our sites on 
our web page at http://mww.diablo.o 


WASHINGTON STATE 


Good Security. Year around access. 
Eight sites—Seattle, I-5, I-90 coverage 
GOLDSPAR COMMUNICATIONS 
Alan Robinson 
Ph: 253-759-4334 * 800-555-SITE 
www.goldspar.com 


Call Rich or Jack Reichler at 


(800) 400-SITE 


PRIME NORTHERN 
NEVADA SITES 
Our newest, Pond Peak, at 8035! 
AMSL, 2635' AAT, Emergency Power, 
Air Conditioning, Overlooking Reno, 
Fallon and the I-80 corridor, 


888-825-2626 


GREAT BASIN COMMUNICATIONS 


and counting 


rus 

New Orleans 
We Got 
No-Body has 


Tower 
WETEC 


Sites 


oy) 


wee 
to Chicago 
You Covered 
more affordable 
Space. 


800-249-1250 


m today own or 
unication sites 


i by two major 
ent their national 


Major Citles 


‘National 
Portfolio 


ent firm, TEA 
ded our site 


13/974-1926 


13/789-1313 
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d index/hot line 


Page 


Company Number 


Advanced Systems Corp. ........cccee 49 
AEA A Div. of Tempo Research........16 
Allen Telecom Group 

Anchor Graphics Inc. .........:csceccereee 83 
Andrew Corp. ssssmancencniiiausagn 14 
Antenex 


Astron Corp. ......... 

Avcom of Virginia 

ANT CHING joniriprmiany eam zae on cue cea 62 
Barnett Electronics 

Barnett Electronics 

Bee Electronics INC. .....ccccceeceeeseeee 26 
Berkeley Varitronics 

Bird Electronic Corp. ........cccccsesseeeeees 38 
Castle Tower Corp. .........ccccsssesesescsees 87 
Celwave 

ChargeGuard Corp. ...ccccecseseseesceees 76 
Communications Data Serv. .............. 85 
Communications Mktg Grp Inc. .........78 
Communications Specialists .... 
Computer Resources INC, ...........0 84 
Connect Systems Inc.. Sate STIS 
Control Signal Corp. .......ccccceeeeeeee 44 
CPI Communications Inc. ..............+ 51 
Cruising Equipment 

SPS HOM OSES os sssavarnensieccsszecnceveanexes 72 
GTI RRGAUOtS (NG scccsccvsesiscavessscsceovcconse 66 
GAT PROGUCTS ING. «cvacorarparversnncarecnsevace 81 
CueMeks Electronics 

DDB Unlimited 

Destel USA Inc............. 

Direct Power & Water Corp. .. 

D & L Communications Inc. ... 

Doppler Systems INC. .......cccceseeeeeees 60 
DUrACOMM Corp. .....cccecssscscseececeeeeceeees 56 


El Paso Comm. Systems 

Gencron Engineering INC. ...........00 84 
General Communications 

Henry Radio 

Hewlett Packard 

PAEPSHOIHHIOT., 0 cpcnonncnnspevaienaindnaanncacacast 31 
Hutton Communications 


IFR Systems nessun 11 
Kaval Electronics Inc. ..........cceeee 29 
Kenwood Communications 

King Communications USA Inc. ........ 
Klein Electronics 

Leavitt Communications Inc. .. 
Lindgren RF Enclosures Inc. ............. 
Marquis Microwave Products ............ 
Maxrad Inc 
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Fast Fact 
Number 


Advertiser 
Hotline 


... 800-233-0013 


760-598-8900 
800-676-5342 


.. 972-242-0439 
.. 708-349-3300 


800-323-3757 
800-255-6222 
817-595-4292 
817-595-4292 


.. 714-458-7277 


804-794-2500 


.. 803-892-2181 


800-423-3858 


., 800-423-3858 


800-336-3115 
908-548-3737 
216-248-1200 
713-789-7651 


++ 800-321-4700 
.. 800-458-3410 


703-558-0510 
800-336-6825 


.. 800-854-0547 
.. 205-987-1523 


800-545-1349 
303-989-8000 
972-437-5320 


.. 206-782-8100 


954-776-0031 
513-595-5900 
513-595-5900 


.. 915-533-4453 
.. 800-753-8459 
.. 817-738-8390 


505-889-3585 
800-336-6825 


.. 602-488-9755 


816-472-5544 


.. 520-204-2597 


915-533-5119 


.. 619-792-1141 
.. 800-356-3200 


800-877-7979 
509-921-4001 


.. 800-949-9490 


800-442-3811 


.. 604-888-6304 


316-522-4981 
905-940-1400 


.- 800-950-5005 


407-291-9009 
619-631-2811 
847-676-8282 


.. 708-307-7200 


847-519-2177 


.. 630-372-6800 


Company 


McManus Communications ............... 


Mechem Electronics 
Micropath Corp 
Midian Electronics Inc. .... 


Modular Comm. Systems ... 


Motorola Paging ....... ce 


Motorola Test Equipment..................-. 
Norcomm Corp, .......ccccccscssseesrereveees 


Optaphone Systems 


Optoelectronics INC. 0.0... ccc 


PageCo International Inc. .................. 


PageCorp Industries 


Pipo Communications 
Polaris Industries 


Polyphaser Corp. o......ecccsecsceeeeereeeeee 


Portable Radio Service .... 
Procomm ............... 


Pyramid Communications ................ 
Radio Express Inc. ..0..........cceceeeee 
ACC Consultants isn 
RCW Distributing ............c:ccceeseeeeeees 
Re Design 97. jccusserneose esr. 


PU ON ING micscetecteeccececneen 
Ritron Inc. 


RoameR One Ine. .......:cccccceseeeeeeee 


Selectone 

Sentry Manufacturing Co. ... 
ServiceWare Corp. ..........5. 
Sharp Communication .. 
Site Advantage 

Smartrunk ..... 

SoftWright 

Survey Technologies 
Sutter Buttes Two-Way 


TEIBWAVE Nissi ssssiscncvacsiaasexiver seas cence 


Thunder Eagle 


Times Microwave Systems ............... 
TPL Communications Inc. ............. 


Trident Micro Systems 
Tripp Lite 


Trylon Mfg. Co., Ltd. on. 


U Trunk Repeaters 
Vega; A Mark IV Co... 
Vertex/Yaesu USA............ 


Vocom Products Co. LLC.... F 
Wacom Products Inc. .......ccccceccee 


Wetec... 


C.W. Wolfe Communications ........... 
W & W Associates ..00... eee 
ZOUHON ING cessor 
ZEON INC essere asrexesnerscecwaraats 
ZOOMING ssssasessstcscsrzessssesenterenteinatts 


Advertiser 
Hotline 


Fast Fact 
Number 


122 501-763-6250 
111 540-891-0569 
303-526-5454 
520-884-7981 
818-764-1333 
561-739-8703 
800-505-TEST 
916-477-8400 
253-946-2426 

.. 707-923-4000 
800-327-5912 

.. 708-428-7171 
954-776-0031 
800-957-8700 
703-739-0300 
916-644-5444 
404-872-0722 

.-. 800-325-7170 

.. 573-472-1889 
805-497-2397 
310-430-5892 

.. 703-266-1928 
902-636-6970 
800-726-9015 

..... 800-288-8606 
800-USA-1USA 
800-USA-1USA 

.- 800-306-ROAM 
510-781-5432 
800-252-6780 
819-770-4000 
800-548-2484 
516-367-6732 

.-- 510-887-1950 
303-344-5486 
503-591-5986 
916-674-7532 
415-968-4400 

«+» 800-472-7373 
-... 703-242-0122 
su 203-949-8400 
wee 213-256-3000 
wees 800-798-7881 
53 ......+. 812-755-8741 
60,70 .... 519-669-5421 
127 619-469-3077 
818-442-0782 
310-404-2700 

«+, 800-USA-MADE 
817-848-4435 

.. 800-264-1175 

.. 406-252-9220 
800-221-0732 

w+ 425-820-6363 

.. 425-820-6363 
425-820-6363 


and trunking systems. 

For solutions to your radio 
communications needs, and 
more information about the 
complete and competitive line 
of Vertex radio products. call: 


962/404-2700 


Vertex Radio & 
the land mot 
has been in th. 
designing synthe 


engine ® 
ing and 
which me 
demands ot 
public safety, . 
agencies. ~ ent se 
The "close to x s ’ 
company philosoy 
with constant cust 
has lead to many j 
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“tures “ 
color , a , 
Ochy . 
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| TP-3200 _ — ral 

Full F Repeater Tone'k i 

wih ALL CTCSS/DCS codes. In 
‘of Rack Mount version. 


| TE-64 $79.95 | 


Pe naies Encoder, Rotary Dial Selection. 
‘Great for aS 5.25" x33" x 1.7" 


PE-2P $54.95 SD-1000 
‘Ewo-tone Sequential Encoder. Two-tone S 
Sub-assembly mounts inside radio Programmab 


or-other enclosure. Multiple call switched 
capability. 1.25" x2.0" x :4* 


DCS-23 
Digital Coded Squeich 
Encoder-Decoder. Pro- 


prammable to all codes. 
1.36" x 1.18" x 25" 


$59.95 


TS-32P 


ceiver. 1.25" x 2.0" x 


outputs from two-tone 
paging calls. 1.25" x 2.0° x 4" 


$57.95 
Programmable CTCSS 


Encoder-Decoder. Tone 
squelch for any FM trans- 


$749.95 ID-8 $69.95 


/CSI-100 
Video Modem. Sends and receives broadcast” Automatic Morse Station Identifier. Meets all 


single frame, color video over ANY FCC ID Requirements. Fully field program- 
narrow-band communications: channel. mable with included’ keypad. 1.85°x1.12"x 35" 
roe 
SE Pine 
| CC-1/CR-1 $49.95 each PE-1000 $224.95 


Desktop’ Paging Encoder. Two-tone sequential, 


Sites Mount Component Kits for alte 
(CR-T for other formats available. 7:5" x 7.8" x 2:7" 


SMT circuits. CC-1 for capacitors/ 
Tesistors- 


$59.95 DTD-1 $49.95 PE-4/PE-15 $79.95 
ble unt Decoder. Single Function DTMF Decoder. Multiple Call POCSAG (RPC) 
© unit provides Provides switch outputs via Paging Encoders. Where direct 


DIMF, 1.25* x 2.0" x4" control of local area paging is 


desired. 1.78" x 1.03" x 35° 


TS-64 


Sub-miniature Program- 


$54.95 


$S-32SMP 


Sub-miniature CTCSS 
mable CTCSS Encoder- Encoder. Jumper program- Encoder. Custom tones or 
Decoder. 1:7" x .78" x .25" mable.. .53" x 1.0" x .16" audible tones also ayail- 
4" able. .9"x1.3"x 4" 


$27.95 


SS-32PA $28.95 
Programmable CTCSS 


The Sky’s The Limit! 


For over 25 years. . 
bringing you tone signalling 
products that are as reliable as 
the day is long. Combine this 
with same-day shipping, toll- 
free technical support, and 
our no hassle one year war- 
ranty, and you’ll realize the 


products. Call for details on 
these and all your tone signal- 
ling needs. A free catalog will 
be mailed upon request. 


sky’s the limit in our efforts 
toward customer satisfaction. 

Shown are a few of our 
most popular tone signalling 


COMMUNICATIONS SPECIALIS TS, NC. = 
426 WEST TAFT AVENUE © ORANGE, CA 92665-4296 = 
(714) 998-3021 © FAX (714) 974-3420 ar 
Entire U.S.A. (800) 854-0547 « FAX (800) 850-0547 cs 


Outside USA or Canada: Jescom International, 1 Waters Park Dr. #117, San Mateo, CA 94403 USA - Phone (415) 574-1421 « FAX (415) 574-5297 + Also in Italy and Spain 
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